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A MODIFIED METHOD OF MEASURING e/m AND v FOR 
CATHODE RAYS. 


By L. T. JONEs. 


HIS determination of e/m and v is a modification of the usual method ° 
employing the simultaneous electrostatic and magnetic deflections. 
The modification is the result of an attempt to eliminate as nearly as 
possible the errors of measurement of the deflections and the correction 
due to the field distribution at the ends of the electrostatic plates. This 
is brought about chiefly by the position in which the photographic plate 
was placed. 
, THE APPARATUS. 
A glass cylinder 10 cm. in diameter and 27 cm. long (Fig. 1) was closed 
at each end by a glass plate. 
Two holes were made in | 
one of the plates to admit 
the glass tubes carrying the | l- 
anode, A, and the cathode, 
C. The cathode, an alum- 
inum disc .6 cm. in diam- 
eter, was carried on an 
aluminum rod. This rod 
was encased in a small glass 
tube which in turn was Fig. 1. 
supported by a larger glass 
tube waxed to the glass plate where it entered the discharge chamber. 
The anode was mounted ina similar manner. Both aluminum rods were 
_ connected with the outside by platinum wires sealed in glass. 
A brass ring, D, was fastened by sealing wax to the inside of the glass 
b cylinder, and to this were fastened the soft iron shield, S, and the ebonite 
disc, B, the latter supporting the electrostatic plates. The electrostatic 
plates were held to the disc B by brass screws. The potential of the 
electrostatic plates was supplied through two wires that passed through 


small holes in the walls of the cylinder. The holes were sealed with wax. 
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By loosening the screws holding the ebonite disc, B, to the brass ring, 
D, the disc and electrostatic plates could be taken as a whole from the 
cylinder. 

At the opposite end a short length of brass cylinder, G, was waxed to 
the inside of the glass cylinder and a hard rubber disc, F, turned to fit 
it, darkened the tube. The glass cylinder was coated on the outside 
with lamp black and the coating connected to earth. All the metal parts 
inside the tube, except the electrostatic plates and the discharge terminals, 
were connected to earth. 


THE ELECTROSTATIC PLATES. 


Two electrostatic plates were mounted exactly I cm. apart, as shown 
in Fig. 2. The beam of cathode rays was made to pass along the upper 
of the two plates at grazing 
incidence. The photographic 
plate was placed flat on the 
lower of the two electrostatic 
plates. The beam was bent 
downward, by adjusting the 
electric field, to strike the 
photographic plate well with- 
in the geometrical limits of the field plates. 

The cathode beam emerged from the Thomson plate-tube at a distance 
of several centimeters from the left end of the electrostatic plates and 
was then bent downward. Since the plates were plane and parallel 
the electrostatic deflection was the distance from the upper electrostatic 
plate to the upper side of the photographic plate. 





THE FORMULA. 


Let the two electrostatic plates be separated by a distance d + #, d 
being the air place and ¢ the thickness of the photographic plate, which is 
of dielectric constant K. The two electrostatic plates are kept at 
constant potentials V’ and V”. 

If the plates are separated by an air space of thickness d + ¢ there is a 
given electric surface density of charge on the plates and, consequently, 
a given electric force, EZ, in the space between them. If, now, the dielec- 
tric of thickness ¢ is introduced, whose equivalent air thickness is ¢/K, 
the effective air space will then be reduced from d +ttod+#/K. The 
effective air space has thereby been reduced an air-equivalent amount of 
t — t/K, causing a change in the capacity. Since the potentials of the 
two plates have remained constant the surface density and hence the 
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electric force have changed. If, now, the air gap between the two 
electrostatic plates is increased by an amount ¢ — ¢/K, then the capacity, 
the surface density and the electric force will resume their former values. 
If, then, while an electric force, E, exists between the two plates of po- 
tentials V’ and V”, a dielectric slab of thickness ¢ is introduced and at 
the same time the plates are further separated by an amount ¢ — #/K, 
making d + 2t¢ — #/K in all, the surface density on the plates and hence 
the electric force, E, will remain constant. The electric force is then 
given by the equation 


V’ — V" = E(d + 2t — #/k), 
or 
PD X 108 


hel Fe 





@ 


where PD is the potential difference of the two electrostatic plates in 
volts. 

The cathode beam in passing through the uniform electric field, EZ, 
is accelerated by a constant force and hence follows Newton’s second 
law. The force on the charge e will be 


Ee = ma, (2) 


where a is the acceleration toward the positive plate and m is the mass of 
the electron. . Since the electron falls through a distance d in time ¢ 
we have the distance of fall expressed by the equation 


d ='/,a?, 
or 
o = (3) 


If the velocity in the horizontal direction is v and the length of horizontal 
travel is 1 we have 


lL = vt, 
whence 
* 
e RP 
Substituting this value in equation (3) gives 
2dv* 
éE= 
If this value is placed in equation (2) we have 
2dmv* 
‘a 


p’ 
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whence 
mi ~ EP «) 
If at the same time the moving electron is subjected to the action of a 
uniform magnetic field of intensity H and its velocity v is perpendicular 
to the lines of magnetic force, urging the particle in the path of a circle, 
in the plane of the photographic plate, then the force is given by 


mv 
eo (5) 


where 7 is the radius of the circle. If the dotted line, Fig. 3, indicates 
the path of the particle undeflected by the magnetic 
field, and the circle of- radius r the curvature exper- 
ienced under the influence of the magnetic field of 
strength H we may represent the horizontal distance 
traveled by the length / and the magnetic deflection 
(measured at right angles to the undeflected path) by 
z, since z is small compared with /. Then, from 


Fig. 3, 








and 








Fig. 3. pd 
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| since 2*, being small in comparison with /?, may be neglected. Placing 
) this value of 1/r in equation (5) we have 
e I 22 
mo Hr — HP’ (6) 
Elimination of e/m between (4) and (6) gives 
' | 7 2E 
it . Hd’ 
Replacing E by its value given in (1) we get, after simplification, 
zPD X ‘108 ; 
| ° = Hd(d + 2t — t/K)’ (7) 
1} Again, multiplying equations (6) and (7) gives 
e_ 2PD X 2 X 108 (8) 
m H'Pd(d + 2t — t/K)° 








THE ELECTROSTATIC FIELD. 


The two electrostatic plates were rectangular brass plates 7.5 X15 XI 
cm. Considerable difficulty was experienced in getting the two plates 
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sufficiently plane. The plates were first planed and then finished by 
“spotting’’ on a master plate. A slip of soft iron 5 X 1.5 X .I5 cm. 
was inlaid in the upper plate, as shown in Fig. 2, and the plate again 
surfaced. Several days were required to surface the plates but they were 
finally finished sufficiently plane that one would raise the other from the 
table. 

A second slip of soft iron was cut out 5 X 1.5 X .I cm. and one side 
made plane. A scratch .005 cm. in width and of about the same depth 
was drawn full length on this surfaced side. This scratch formed the 
tube through which the cathode rays passed. The iron slip with the 
scratch was held against the iron slip inlaid in the upper electrostatic 
plate by ten brassscrews. On account of the small diameter of the scratch 
and its relatively large length it was subsequently found to be easier 
to make a scratch of about .05 cm. in diameter, close each end with a 
small bit of solder, cut off the solder flush with the iron surface and then 
make a small scratch in the bit of solder at each end. A scratch .1 cm. 
long at each end was found to give perfect satisfaction, and not nearly 
so much difficulty was experienced in getting the beam to pass through 
this tube. In adjusting the cathode to send a beam through the tube 
the electrostatic plates were first mounted in position with the scratch 
the full .o5 cm. diameter. The vessel was exhausted and a potential 
difference of about 20 volts applied to the electrostatic plates. The wax 
joint where the glass tube supporting the cathode entered the plate glass 
end was then softened by heating and the cathode moved about until a 
phosphorescent spot on the willemite screen, deposited on the opposite 
glass end plate, showed the presence of the beam. The wax was allowed 
to cool while the cathode was in the position giving this spot its maximum 
brightness. The electrostatic plates were then removed by taking out 
the screws holding the ebonite disc, B, to the brass ring, D, and the tube 
made smaller by the bits of solder mentioned above. The plates were 
then replaced in position and the vessel exhausted. If the spot failed 
to show on the willemite screen the process was repeated until finally 
th@beam was made to pass through the small tube. 

An iron tube, J, .5 cm. diameter and 2 cm. long, was screwed into the 
disc, B, to shield the rays from any magnetic effect before entering the 
confining tube. The cathode was within 1 cm. of the tube J. 

The electrostatic plates were spaced by four hollow ebonite cylinders, 
one placed at each corner, and clamped in position by ebonite bolts 
passing through the cylinders. The length of these cylinders was 
measured by a micrometer caliper reading to .0o1 cm. The cylinder 
was placed between two thin glass plates and the length of the whole 
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measured. The thickness of the plates was then subtracted. Each 
cylinder was measured on several successive days and the mean of these 
measurements was taken as the length. When the cylinders were again 
measured, after having been in the apparatus under pressure for four 
months, they were found to have shortened by about 1 percent. All 
data was taken during the first fifteen days, however, so no correction 
was made for this change in length. The potential difference of the 
electrostatic plates was determined as follows: A high potential storage 
battery, T, was used in sending a small current through the two high 
resistances, M and R, as shown in Fig. 4. M was a resistance of about 
2 X 10° ohms while R was an adjustable resistance of about 10,000 ohms. 
The electrostatic plates were connected directly to the terminals of M 
as shown. By adjusting the value of R the potential difference of the 
terminals of M could be kept constant. The potential drop through a 
small part of M was meas- 
ured by a potentiometer, 
P, against a Weston stand- 
ard cell of 1.0185 volts at 
24° C. The potential dif- 
ference of the electrostatic 
plates was thus easily meas- 
ured to .I per cent. and by means of R the value was kept constant to 
within .1 volt. 





pean M 
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Fig. 4. 





THE MAGNETIC FIELD. 


The magnetic field was furnished by a solenoid of 648 turns and 
160.2 cm. length. The solenoid was built in two parts and made to join 
closely at the middle so as to enclose the whole tube. The length of the 
solenoid was such that the field could be considered uniform and calcu- 
lated. From the dimensions of the solenoid the strength of the 
magnetic field at its center was given by 


H = 5.083 I, 
where J is the strength of the current in amperes. The current for the 
magnetic field was supplied by storage cells of 40 amperes capacity. 


The current, which varied between .5 and 1.5 amperes, was measured 
by a Siemens & Halske ammeter reading to .005 amperes. 


RESULTS. 

In placing the photographic plate in the apparatus for exposure the 
plate was placed solidly against the ebonite disc, B. The iron confining 
tube for the cathode beam was 5.08 cm. long and hence a line drawn 
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across the plate 5.08 cm. from the end that touched the ebonite disc 
established the zero. This line, marked O in the photographs, was then 
directly under the opening of the tube. The length of horizontal travel, 
l, was measured from this line. In photograph 6 two calculations of 
e/m were made, where the distance / was 4 and 5 cm. respectively. In 
each photograph the long streamer, second from the top, is the central 
one, given by zero magnetic field. The two spots immediately on either 
side are for the magnetic deflection, direct and reversed. The additional 
spots seen have no significance relative to the value of e/m. The magnetic 
deflections were accurately measured along the lines drawn parallel to 
the line marked O. The reproductions in Fig. 5 are full size. Twenty 
photographs were taken in succession. Table I. gives the data relative 
to all these. 
TABLE I. 














Plate No. A PD. z. 1. da. 4. d+2t fe v X 10%, “ 10-7, 





460 | 524.0 | .138 4.0 835 -165 | 1.292 | 2.866 | 2.114 
450 | 564.4 | .127 4.0 820 -180 | 1.210 | 3.158 | 2.192 
890 | 498.1 | .245 4.0 825 175 | 1.204 | 2.715 | 1.838 
8902 | 639.7 | .220 4.0 830 -160 | 1.177 | 3.183 | 1.935 
885 | 425.0 | .251 4.0 811 -179 | 1.199 | 2.438 | 1.701 
885 | 425.0 | .3116 5.0 811 -179 | 1.199 | 3.027 | 1.678 

7a 850 | 323.5 | .325 5.0 805 -185 | 1.206 | 2.506 | 1.508 

7b 850 | 323.5 | .371 5.5 805 -185 | 1.206 | 2.861 | 1.624 

7¢ 850 | 323.5 | .397 6.0 805 185 | 1.206 | 3.061 | 1.563 

8a 8725 | 323.0 | .314 4.5 805 -185 | 1.206 | 2.355 | 1.647 

8b 8725 | 323.0 | .372 5.5 -805 -185 | 1.206 | 2.790 | 1.547 

9 879 | 320.3 | .335 5.0 810 -180 | 1.200 |-2.470 | 1.482 
10a 864 | 301.0 | .389 5.0 825 165 | 1.182 | 2.734 | 1.937 
10d 864 | 301.0 | .423 6.0 825 165 | 1.182 | 2.973 | 1.591 
11 .867 299.0 | .377 5.0 826 -164 | 1.181 | 2.622 | 1.807 
12a 873 | 298.0 | .405 5.0 826 -164 | 1.181 | 2.788 | 2.036 
i2b 873 | 298.0 | .461 6.0 826 -164 | 1.181 | 3.173 | 1.832 
13 872 | 298.0 | .382 5.0 824 -166 | 1.184 | 2.632 | 1.815 
14a 874 | 284.2 | .4335 5.5 819 -171 | 1.189 | 2.947 | 1.837 
145 874 | 284.2 | .499 6.5 819 171 | 1.189 | 3.278 | 1.735 
15 881 247.2 | .467 6.0 817 173 | 1.192 | 2.647 | 1.533 
17 450 | 248.6 
18 453 246.6 
19 4515 | 245.3 
20 1.289 296.7 | .558 5.3 850 140 | 1.153 | 2.578 | 1.563 


Average |_| | 1.748 


eae ewe 















































The value of the dielectric constant of the glass plate was that given 
by Landolt and Bornstein for “spiegel glas.” If the value of K was taken 
as either 5 or 7 instead of 6 the resulting value of e/m is changed by only 
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about .5 per cent. The probable error of the final result, calculated in 
the usual way from the data in Table I., is 1.5 per cent. 


SUMMARY 


The method devised for the determination of e/m and v for cathode 
rays from a cold cathode is a modification of the usual electrostatic and 
magnetic deflection photographic method. It has two distinct ad- 
vantages. 

1. Both the electrostatic and magnetic fields are uniform over the 
entire path of the deflected cathode beam. 

2. The electrostatic deflection is kept constant for all strengths of 
fields employed and thus the inaccuracy in its measurement is eliminated. 

The mean of twenty successive photographs gave 


e/m = 1.75 = .03 X 10’. 


I wish to express my appreciation to Dr. C. T. Knipp for his kindly 
suggestions and to Professor A. P. Carman, Director of the Laboratory, 
for the facilities offered. 


LABORATORY OF PHYSICS, 
UNIVERSITY OF ILLINOIS, 
January 20, I9I4. 
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THE NATURE AND THE VELOCITY OF MIGRATION OF 
THE POSITIVE IONS IN FLAMES.! 


By A. H. SAxeEr. 


HE velocity of migration in an electric field, of the positive ions 

introduced into a colorless bunsen flame by the volatilization of 

an alkali salt in it, has been determined from time to time by different 
investigators with widely differing results. 

The one extreme is well represented by the work of Lenard? who 
obtained a value of 0.08 cm./sec. for the positive ions produced by 
lithium. On the other hand we have the value 350 cm./sec. obtained 
by Lusby* for the positive ions of all alkali salts at about 1950° abs. 
The preceding velocities as well as those which follow are expressed for 
unit potential gradient. 

To account for the facts as observed by himself and others, that the 
positive ions of all alkali salts give the same velocity in the flame although 
differing widely in their atomic weights, Wilson‘ offers the theory that 
the positive ions exist as such only during a fraction of the time—he 
makes the assumption that they are alternately positive and neutral— 
and that this fraction increases with increase of atomic weight in such a 
manner as to give the same velocity for the positive ions of the various 
alkali metals. 

The foregoing explanation offered by Wilson was probably first pro- 
posed by Lenard (loc. cit.) together with the idea that there exists in the 
colorless vapor two kinds of positive ions. The first kind were associated 
with the production of the visible color of the vapor and had a velocity 
of the order of magnitude determined by himself. The second kind 
produced no visible coloration and had a velocity of the order of magni- 
tude observed by other investigators. These two kinds of ions were 
supposed to differ from each other in the fraction of the time during which 
they were positively charged. ; 

Lusby (Joc. cit.) offers the idea that the positive carriers are not metallic 


1 Accepted by the University of California in partial satisfaction of the requirements for 
the degree of Doctor of Philosophy. 
2 P. Lenard, Annalen der Physik, 4, 9, 1902. 
_*S. G. Lusby, Philos. Magazine, 22, 1911. 
4H. A. Wilson, Philos. Magazine, June, 1911. 
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at all but are atoms of hydrogen and therefore their velocity would be 
independent of the alkali salt used in their production. 

It is the purpose of the writer in the present article to try to show by 
reasonably direct evidence that the positive carriers of electricity added 
to a colorless flame when the vapor of an alkali salt is added to it, consist 
of metallic molecular aggregates about the positive ions as nuclei. It 
will be shown that they give the spectrum of the metal used in their 
production and that they have velocities not exceeding 1.8 cm./sec. and 
from this value downward to an order even lower than that observed by 
Lenard, the velocity depending only upon the size of the aggregates 
formed. 

So far as the writer is aware, no measurements have been made of the 
velocity of the positive ions in the pure flame itself. Measurements 
here made indicate a maximum value of 2.5 cm./sec. under the conditions 
existing in these experiments. 

To investigate this problem, two special burners were made of slate. 
The larger has an opening 1.25 mm. wide and 9 cm. long and the smaller 
has an opening I X 8 mm. Both burners received their supply of gas 
and of air from the same source. With the aid of an atomizer and a 

settling chamber the air supplied to 

N either or both burners could be im- 

| pregnated with the spray from dis- 
| tilled water or solutions of differ- 
ent concentrations of various alkali 

salts. 

The object of the small burner 
was to introduce the salts of vari- 
ous alkali metals into the larger 
flame at any desired position and 
in such a manner as to insure their 
supply at a uniform rate and to 

Fig. 1. insure their having an upward ve- 
Side end Cues Section. locity equal to that of the gases in 
the large flame. 

The arrangement of the burners and the electrodes can be seen by 
reference to Fig. I. 

The burners were placed side by side at the same height and the 
smaller was so arranged that it could be easily moved back and forth 
along the larger one and its position accurately read off on a scale attached 
to their common support. The electrodes used were of platinum and 
were introduced into the blue cone of the flame at a distance of I cm. 
above the burner and were usually kept at a distance apart of 7 cm. 
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The anode which was allowed to become incandescent was a thin 
rectangular piece of platinum 18 X 36mm. The cathode however was a 
thin V-shaped piece of platinum 3 cm. long and 18 mm. high on the 
perpendicular side. It was rigidly fastened in such a position that the 
side facing the anode was perpendicular. The cathode could be kept 
continually at a temperature below a red heat by means of a cooler 
which was simply a large piece of brass made with a “neck”’ in the center 
small enough to fit snugly into the V of the cathode and not come in 
contact with the flame at any point. The large quantity of brass at 
either end of the neck conducted the heat away rapidly enough to produce 
the desired effect. 

The whole arrangement was placed in a box which served as a support 
for the electrodes, etc., and to prevent air currents from disturbing the 
flame. 

It was soon found that the colored vapor diffuses very rapidly away 
from the small burner when introduced in this way although not to such 
an extent as when it is introduced by means of a bead of salt vaporized 
in the flame. To prevent this diffusion from taking place in the direction 
of the cathode before the vapor had arrived at the proper height in the 
flame, a platinum guard I cm. in height and of sufficient length to extend 
beyond the flame on either side was attached to the small burner on the 
side next to the cathode. 

With this arrangement the small burner would just pass beneath the 
electrodes and when the 
guard was properly 
cleaned it was found that 
the small burner, when 
not supplied with gas» jy 
could be moved to any, 
position along the larger ~ 
flame without disturbing > 
either the potential grad- bo 
ient existing in the flame 
between the electrodes 






206 


or the current passing 6 

fo ao 36 46 $0 
between them as meas- _ mm. from Cathode. 
ured by a sensitive gal- Fig. 2. 


vanometer. 

The potential gradient was measured by means of small platinum 
wires placed in the flame, and an electrometer of the Dolezalek type. 
The large burner, supplied with gas and air only, was lighted and a 
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potential difference of 220 volts established between the electrodes. 
The potential gradient was measured and was found to be similar in 
nature to that found by H. A. Wilson and others for the pure flame with 
an incandescent cathode (see Fig. 2). In this experiment as well as in 
all others which follow, unless the contrary is explicitly stated, the cathode 
is kept cold by means of the device previously described. 

The small burner was now supplied with gas and air from the same 
source as that supplied to the large burner, that is with air free from 
spray. The additional ionization produced by the small flame caused 
no change in the current when near the anode, but as it was moved 
toward the cathode and a point was reached with the guard 18 mm. from 
the cathode the current began to increase and increased steadily from this 
point on until the maximum increase was attained with the flame in 
contact with the cathode. 

This increase was assumed (this will be proved later) to be due to 
the fact that the cathode is now just able to abstract positive ions from 
the region of increased ionization due to the small flame. The ions in 
the two flames are in all probability similar and it is only fair to assume 
that, under the existing conditions, the positive ions that are being 
supplied to the cathode in the pure flame come from a maximum distance 
of 18 mm. It is certainly fair to assume that if the positive ions were 
coming from a greater distance than this there would be an increase of 
current as soon as the increased ionization due to the small flame reached 
this point. 

It is to be particularly noted that this point —18 mm. from the cathode 
—is identical with the point in the flame at which the steep part of the 
potential gradient curve begins (see Fig. 2). This would lead us to 
suspect that in a uniform flame the steep portion of the potential gradient 
curve near the cathode marks that portion of the flame from which 
positive ions are being abstracted and that from beyond this point— 
along the uniform part—there are no positive ions which reach the cath- 
ode. No material change was noted in the potential gradient curves until 
there was considerable increase in the current. 

If in addition to the foregoing we know the upward velocity of the 
flame gases we have sufficient data to calculate the specific velocity of 
the ions of the pure flame by means of the relation u = dv/hx. In this 
case u is the specific ionic velocity, d the horizontal distance from guard 
to cathode, v the upward velocity of the flame gases, h the height of the 
perpendicular side of the cathode, and x the potential gradient—assumed 
uniform—along the path. 

The upward velocity of the flame gases was determined by the following 
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method devised by the writer. While this method can lay no claim to 
great accuracy it reccommends itself for its simplicity. 

An electric fan was set up one on end of a long table and made to 
supply a horizontal current of air across the top of the table. The 
burner was then placed in the air current and by varying the speed of 
the fan and the position of the burner on the table the flame could be 
deflected to any desired angle from the vertical. The angle of deflection 
of the flame was measured by means of a platinum wire fastened in the 
burner and bent to the desired angle. The upper part of the flame, 
having a smaller velocity, was deflected more than the lower part. The 
measurements were therefore made by taking the deflection of the blue 
cone as this was the part of the flame in which the other determinations 
were made. As soon as the desired deflection was secured and maintained 
for some time, the gas was turned off and the horizontal velocity of the 
air current measured with an anemometer placed just above the burner. 

If @ is the angle of deflection, v the upward velocity of the flame 
gases and h the horizontal velocity of the air current we have h/v = tan @. 
Six different determinations, using three different angles of deflection, 
were made and none of the calculated values of v differed from 200 cm./sec. 
by more than 5 per cent. 

Using 200 cm./sec. as the value of v we get u = 1.8 cm./ sec. for the 
positive ions of the pure flame. The temperature of the flame over the 
region in which these measurements were made was determined with a 
thermocouple and found to be nearly 1,250° C. The elements of the 
couple were of platinum—1o per cent. platinum iridium and were placed 
directly in the flame. 

The 200-volt drop along the steep part of the potential gradient 
curve has been taken as uniformly distributed over the entire 1.8 cm. 
This is in reality not the case but is such as to give a value slightly larger 
than the one here calculated. 

The air supplied to the small burner was now mixed with the spray 
from distilled water and the readings repeated. The added water vapor 
made no difference in the effect produced on the current by the small 
flame. 

The small burner was next supplied with air mixed with the spray 
froma N/1 solution of NaCl and the readings repeated. It was now found 
that the small flame produced no increase in the current when at a dis- 
tance of 18 mm. from the cathode, but had to be brought still nearer 
before the increase began. Fig. 3 illustrates graphically the two results 
together with a result obtained with a N/1 solution of RbCl. The in- 
crease in current only is plotted and is expressed in arbitrary scale 
divisions (I = 1.5 X 1077 amp.). 
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Since in this case also there was no change in the potential gradient 
curve until after the increase began we are brought to the conclusion that 
the velocity of the ions from the colored vapor is less than that of the 
ions from the pure flame and further that the presence of the colored 
vapor in the pure flame reduces the velocity of those colorless ions 
already existing in the pure flame before the introduction of the colored 


10= 16x10 Amp. 
a: 


. 


Cure enl. 
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TM. 19. From CXhede 
Fig. 3. 


vapor. This phenomenon, although appearing rather unexpectedly in 
this connection, is not new. It was first noticed by Lewis! in connection 
with the gases from colored flames. 

Lewis noticed that the rate of discharge of an electroscope brought 
near a bunsen flame is reduced when the salt of any alkali metal is 
introduced into the flame. As the number of ions in the flame itself is 
greatly increased under such conditions it seemed probable that this 
reduced conductivity was due to a greatly reduced velocity of the ions 
issuing from the colored flame. Lewis found that the velocity of the 
positive ions from a colorless flame is about .32 cm./sec. at a distance 
from the flame where the temperature was about 150° C. The velocity 
of the positive ions from the same flame after the introduction of the 
vapors of various alkali salts was found to be much less and to vary 
with the concentration of the colored vapor in the flame, the velocity 
being .013 cm./sec. for a N/1 solution of NaCl, and .006 cm./sec. for a 
saturated solution. Assuming that the diminished velocity of the ions 


1E, P. Lewis, Puys. REv., Vol. 21, 1905. 
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with increasing concentration and with the lapse of time is due to the 
formation of molecular aggregates about the original ions as nuclei, 
Lewis shows that the ions from colored flames do not form aggregates 
with the molecules of the atmospheric or flame gases or water vapor, 
but only with the molecules of the various salts introduced. 

Fig. 3 shows the results obtained for NaCl, RbCl and the pure flame. 

N/1 solutions of LiCl, KCl and CsCl were also used and the curves ob- 
tained, while they differed from each other in their maximum value and 
in the method of approaching this maximum, all agreed (with the excep- 
tion of lithium) in starting this increase at a point nearer the cathode 
than 18 mm. When the lithium solution was made 3N/1 it proved no 
exception, and all of them could be made to start their increase at 18 mm. 
by sufficiently reducing the concentration of the solutions used. It would 
appear from this that if the colored molecules are not present in sufficient 
numbers they do not form aggregates with all of the ions present. 
‘ It is to be noted that with the arrangement of the apparatus used, 
all of the ions and molecules were compelled to ascend together a distance 
of 10 mm. before the swifter moving ions could diffuse away from the 
slower ones, in the direction of the cathode. That is to say, they were 
retained together for a period of 1/200 sec., which, no doubt, had con- 
siderable influence in securing ‘‘aggregation”’ of all of the colorless ions 
with relatively small concentrations. 

As mentioned previously, the current changes as illustrated in Fig. 3 
are soon accompanied by changes in the potential gradient and an 
attempt to get values for the velocity of the positive ions from the 
different salt vapors from this source soon lead into difficulties. The only 
thing that can be said with apparent safety is that the velocity of the 
ions from the salt vapors introduced is less than that of the ions of the 
pure flame. 

The preceding results however suggested another method for arriving 
at the velocities of the ions from various alkali salts. If as suggested in 
the preceding, the beginning of the steep portion of the potential grade 
curve in a uniform flame indicates the point farthest from the cathode 
from which positive ions are abstracted from the flame we should expect 
to find a similar potential gradient curve in a uniformly colored flame 
and the beginning of the step portion should have the same significance. 

The small burner was therefore removed and the air supplied to the 
large burner was mixed with the spray from various alkali salt solutions 
and the corresponding potential gradient curves determined. The curves 
thus obtained are similar in form to those for the pure flame at the same 
voltage (see Fig. 2). There is one essential difference however and that 
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is that the uniform part of the curve is not so steep and the point where 
the steep portion begins is shifted toward the cathode. This shift toward 
the cathode is greater the greater the atomic weight of the metal used. 
It is to be noted that this is the condition which exists when the electrodes 
are symmetrically located in the flame and when the flame is uniformly 
colored for the entire distance between the electrodes. If the colored 
vapor is introduced only near the anode or in the middle of the flame there 
is no change in the potential gradient curve. If the colored vapor is 
introduced near the cathode only then the effect is to cause an anode 
drop such as is reported in the potential gradient measurements made by 
Gold. 

It was found that the amount of this shift is dependent upon the con- 
centration of the alkali salt vapor in the flame up to a certain concentra- 
tion when a maximum shift is obtained beyond which it does not go 
even if the concentration is further increased. The nearest approach to 
the cathode of the beginning of the steep part of the potential gradient 
curve and the smallest concentration of the solution used in the sprayer 
which would produce this shift are given in the following table in the 
columns headed d and ¢ respectively, the values of d being taken to the 
nearest millimeter only. 


c d a2 u 
Pere PIM. 26. cs cccces x 18 324 1.80 
Re re ee 3N/1 14 196 1.09 
eee ee N/2 8 64 0.35 
SR ee N/8 6 36 0.20 
SEE ere N/64 4 16 0.09 
SE ner en N/128 3 9 0.05 


If in the formula u = dv/hx, we substitute for x its value e/d where 
“‘e” is the fall of potential along the steep part of the potential gradient 
curve, we get u = d’v/he and u is seen to vary directly as d? provided e 
remains constant. While the fall along the uniform part of the curve is 
less for the colored flames, being only half that for the pure flame in the 
case of CsCl (see Fig. 2), we see that the value of e has been changed 
from 200 to 210 or only 5 per cent. This lies well within the accuracy of 
the other measurements and therefore the value of ehas been considered 
constant and equal to 200 volts in calculating the values of u for the 
positive ions of the various alkali salts. These values of u are given in 
the last column of the preceding table and are based upon the previously 
calculated value u = 1.8 cm./sec. for the pure flame. It can be seen that 
these values are roughly in inverse proportion to the atomic weights of 
the alkali metals used in their production. 
1E. Gold, Proc. Roy. Soc., 79A, 1907. 
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A careful study of the current curves (Fig. 3) given by the approach, 
toward the cathode, of a uniform streak of ionization from either a colored 
or a colorless flame 8 mm. wide will show that this added vapor contains 
positive ions of all possible velocities from a maximum of 1.8 cm./sec. 
as calculated down to velocities which ar very small indeed. If the 
ions in the streak moved with a uniform velocity, we should have— 
since the streak is uniform—a gradual increase in the current until the 
side of the streak farthest from the cathode passed the 1.8 cm. point. 
The current curve should then be a maximum, or at least should show 
a decided decrease in its slope, because the whole of the increased ioniza- 
tion is now within the region from which the cathode is abstracting posi- 
tive ions. Quite the contrary is seen to be the case. The current curve 
becomes gradually steeper showing that as the streak is approaching the 
cathode it is furnishing it with a rapidly increasing number of positive 
ions. This is especially true in the case of the colored vapors. This is 
not due to any increase in the number of ions present in the streak 
because the effect is apparent long before it comes in contact with the 
cathode, and even then we have no increase due to the presence of the 
cathode because it is continually kept at a temperature below a red heat. 
This apparent increase in the number of ions present is due to the fact 
that ions having a smaller specific velocity are continually becoming 
available to the cathode on account of the smaller distance they are 
required to travel. 

If all the ions moved with the same velocity we should have as a 
natural consequence that if the anode were brought to within 1.8 cm. 
of the cathode we would have all the ions abstracted from this region 
and the current would approach a saturation value. This was tried 
and found not to be the case even when 400 volts were applied to the 
electrodes only I cm. apart in the flame. It is to be noted that no 
saturation currents have yet been obtained with both electrodes in the 
blue cone of the flame. In all cases of so-called saturation currents 
reported, either one or both of the electrodes was situated in a part 
of the flame considerably removed from the seat of ionization. There 
was also no evidence of ionizatiun by impact since the current always 
increased more slowly than the applied E.M.F. This apparently in- 
exhaustible supply of ions which can be drawn upon more and more as 
the field strength is increased, is readily accounted for if we assume that 
ions having continually smaller specific velocities are made available by 
the increasing electric field. | 
It has been shown by Tufts! that the seat of ionization in the flame is 
1F. L. Tufts, Poys. REv., Vol. 22, 1906, p. 201. 
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in the inner blue cone and that as soon as they are formed the ions 
begin to disappear at an enormous rate due to recombination. He 
shows that the specific conductivity of the gases I cm. above the blue 
cone is only 1/1,000 as great as the specific conductivity of these same 
gases in the blue cone. After ascending a distance of only 7 cm., the 
specific conductivity is only 1/10,000 of what it originally was. This 
is for a pure flame and Lewis (loc. cit.) has shown that the rate of dis- 
appearance of the ions in the gases from the pure flame is still very great 
at a point 20 cm. above the flame where the flame gases lose one-half of 
their ions in ascending a distance of 5 cm. 

Keeping in mind the very small velocities found by Lewis in the gases 
above the flame, it would appear that it is the faster moving ions that 
are the first to disappear by recombination, thus leaving the average 
velocity of the remaining ions very much reduced. It seems perfectly 
natural to believe that an ion which is the nucleus of a large mass having 
a small velocity would be less liable to have an opportunity to recombine 
than would an ion which is the nucleus of a smaller mass having a greater 
velocity. 

The distribution of the velocity in the curves of Fig. 3 shows that the 
colored streaks possess a relatively larger number of ions having a small 
velocity than does the colorless one. We should therefore expect to find 
a much smaller rate of recombination among these larger aggregates. 
A reference to the work of Lewis previously cited shows this to be the 
case. It is there shown that the rate of recombination for the colorless 
ions is three times as great as for the colored ones, at a distance of 20 
cm. above the flame. 

It has now been shown that the positive ions in the pure flame have 
their velocity reduced in the presence of colored vapors of sufficient 
concentration and that larger ionic aggregates are formed in flames 
containing alkali salt vapors than in pure flames. This is in harmony 
with the results of modern experiment, which seem to show quite con- 
clusively that positive carriers of molecular size do not become appre- 
ciably loaded with air molecules, water vapor, or molecules of carbon 
dioxide within the range of ordinary temperature and pressure. That is 
to say, the positive ion, as it is constituted at ordinary temperature and 
pressure, does not show any abnormal velocity change in the presence of 
water vapor, etc.—at least not until very low pressures are reached.! 
For this reason the tendency for the positive ions in the pure flame to 
form aggregates will be much less than in the same flame after the 
introduction of various salt vapors. 
1G. W. Todd, Philos. Magazine, 22, 1911. 
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To support this idea it was thought advisable to measure the velocity 
of the positive flame ion in some medium in which there is less tendency 
to form aggregates. 

The following, which is a modification of the alternating current method 
first proposed by Rutherford, was used since it has the advantage of 
taking the ions directly from the flame and measuring their velocity in 
hot air after an interval of only 1/120 sec. It also eliminates the necessity 
of measuring the upward velocity of the flame gases. 
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Fig. 4. 























Fig. 4 illustrates the arrangement of the apparatus. C is a brass tube 
7 cm. long and 5 cm. in diameter. One end of this tube is completely 
closed by a platinum gauze B. Dis another brass tube 4 cm. in diameter, 
which is kept earthed and is insulated from C and B by means of an air 
gap between them. IJ is another tube insulated from D at the points 
H, through which it may be moved freely. F is a circular aluminum 
disk 3.5 cm. in diameter insulated from J and connected by means of a 
wire K through J to a Wilson inclined electroscope at L. A isa platinum 
electrode 5 cm. square which can be kept at a constant potential above 
or below B by means of an insulated battery. B is connected to an 
alternating current of 110 volts at 60 cycles. When measurements are 
being made B is placed at the desired position in the flame, and ions are 
forced into the chamber beyond B by properly adjusting the position 
and the potential of A. The specific velocity (u~) of the ions is then 
calculated by means of the formula, 


which is obtained as follows: 
u = specific ionic velocity. 
d = distance from B to F. 
E, = maximum potential of B. 
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instantaneous potential of B = Ey sin a t. 
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T = period of alternation. 
e = voltmeter potential = Ep/)/2. 
v = velocity of ion at time ¢. 
. 29 
uF sin rt 
v= uE/d = 


d 

When F is brought so near to B that the ions travel the distance d in 
a time 7/2 the electroscope will show a deflection. For this to occur we 
must have 

T 

= “pf sin Feat = "at 

“= ae but Ey) = V2e and 
nd°n 
V2e 

Before being used both B and C were heated in the blowpipe flame to 
remove as far as possible all surface impurities. Measurements were 
first made with the secondary field off and the alternating current on. 
Ions were detected in the chamber due probably to the glowing platinum 
gauze, but their velocities were considerably less than those due to the 
pure flame itself. There was therefore no difficulty in keeping the effects 
separate. When A was made positive with respect to B, thus causing 
the positive flame ions to drift across the gauze into the chamber beyond 
B, the electroscope showed a deflection indicating a positive charge on F 
when it arrived at a point 1.44 cm. from the gauze. When A was made 
negative with respect to B, the plate F picked up a negative charge when 
at a distance of 1.9cm. from the gauze. From these data we get u =2.535 
cm./sec. for the positive ions and u = 4.39 cm./sec. for the negative ions. 
The measuring chamber was found to be at an average temperature of 
475° C. as measured with the thermocouple. From this it would appear 
that the velocity of the positive ion taken from the pure flame is greater 
in hot air than when it is measured in the flame itself where the tempera- 
ture is much higher. 

In these two methods of measurement the life of the ion was about 
the same in each case but the ion, mesaured in the flame itself, existed 
continually in a medium where the tendency to form aggregates was much 
greater than in the medium in which the other measurements were made. 
The alternating current method gives us a true measure of the velocity 
of the positive ion for the physical state in which it enters the alternating 
field, since many recent experiments show that under the conditions 
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existing in this measurement the positive ion does not show any abnormal 
velocity changes which would indicate a change in its existing mass. 
The probability is also very great that here at least the positive ion does 
not alternate with the positive and the neutral state and remain positively 
charged during only a fraction of the time. 

Measurements were also made when the flame was colored with the 
vapors of various alkali salts. The rate at which the electroscope re- 
ceived its charge was now much less in the case of the positive ions al- 
though approximately the same for the negative ions. The point at 
which the charge began to be picked up was the same as for the pure 
flame. The method here used requires very few ions to produce a notice- 
able deflection in the electroscope—far less than could be detected with 
the galvanometer—and it would appear that in a flame densely colored 
with the vapor of an alkali salt there still exist some of the ions of the pure 
flame which have not had their velocities decreased or rather which enter 
the alternating current chamber before any of the colored molecules 
have aggregated with them. 

The writer has not attempted to study the negative flame ion in the 
present series of experiments. In regard to the value 4.4 cm./sec. 
obtained for the velocity in air of the negative ion of the pure flame, the 
writer can only say that it seems very small. When we consider, how- 
ever, that there is considerable experimental evidence to show that 
negative ions do form aggregates in air at ordinary temperature and 
pressure and especially when traces of water vapor are present, we can 
readily conceive of these aggregates reducing the velocity to the observed 
value. It is also to be noted that according to Lewis (Joc. cit.) the velocity 
of the negative ion from the pure flame is only .33 cm./sec. when measured 
in the flame gases above the flame, where the temperature is 150° C. 
and the tendency to form aggregates is probably much greater. It 
seems quite evident however that within the flame itself the negative ion 
has a velocity much greater than 4.4 cm./sec. 

In the foregoing it has been assumed that when the current passing 
between two electrodes, placed opposite each other in a pure flame, is 
caused to increase by volatilizing an alkali salt near the cathode, the 
increase in current is due to the abstraction of positive metallic ions from 
the region of increased ionization. The experiment described below 
shows this directly. 

When positive ions are being attracted to the cathode from a source 
considerably removed from it, their presence in the intervening space 
can not be detected spectroscopically because of their relatively small 
number and the large area over which they are distributed. When the 
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ions arrive at a hot cathode they have their charge neutralized and are 
immediately volatilized by the high temperature and there is no accumu- 
lation of metal on the hot electrode. When however the cathode is kept 
cold as in the foregoing experiments the atoms or molecules of the metal 
that arrive at the electrode are not all volatilized and there is an accumu- 
lation of metal on the cathode. If the increased current is maintained 
for a sufficient length of time, the accumulated metal will readily give 
its characteristic spectrum when the electrode is allowed to become 
incandescent. 

The small flame densely colored with LiCl was placed near enough 
to the cathode to produce an increased current. This arrangement was 
allowed to continue for a period of forty five minutes and there was no 
evidence of the lithium spectrum about the cathode. When the ‘‘cooler”’ 
was removed, however, and the electrode allowed to become incandescent 
the spectrum of lithium was easily visible. Control experiments, with 
the lithium colored flame in the same position and no current flowing 
and also with the current flowing as before and the flame placed at such 
a position as to produce no increase in the current, gave negative results. 
NaCl and KCl were also used in this manner and gave similar results. 
In the case of sodium the spectrum is always present even in the so called 
pure flame, but the change in the intensity of the lines was easily shown 
by means of a Glan-spectrophotometer which was used for this work. 

It is worthy of remark that in the case of the pure flame, in which no 
salt vapors were being introduced, the sodium lines were decidedly more 
intense after thirty minutes run with the field on than after the same 
length of time with the field off. This shows that even in the so called 
pure flame, a part of the current at least is due to the abstraction of 
positive sodium ions from it. 


BRIEF SUMMARY OF CONCLUSIONS. 


The maximum velocity of the positive ions of the colorless bunsen 
flame is 1.8 cm./sec. when measured in the flame itself where the tem- 
perature is 1250° C., and 2.5 cm./sec. when measured in hot air at a 
temperature of 475° C. These ions have their velocities reduced in the 
presence.of alkali salt vapors. 

The velocity of the positive ions of the various alkali salt vapors is 
less than the velocity of the positive ions of the pure flame. These ions 
are the nuclei of large molecular aggregates and they carry with them the 
spectrum of the metal used in their production. 
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RADIO-ACTIVITY OF SPRINGS NEAR WILLIAMSTOWN, 
MASSACHUSETTS. 


By J. E. SHRADER. 


HERE is a warm spring near Williamstown called Sand Spring whose 
waters issue from its sandy bottom at the rate of forty gallons a 
minute into a large cement basin. From all portions of the bottom 
bubbles of gas arise. This gas has been analyzed by Professor L. Mears, 
of Williams College, and has been found to consist of air containing an 
excess of nitrogen, and a small per cent. of carbon dioxide. Since the 
spring is thermal, its waters must come from a considerable depth. 

It is well known that all springs are more or less radioactive, due to 
the fact that their waters carry with them radium emanation which is 
released from the rocks and soil about which they circulate. To de- 
termine the amount of radium whose emanation would produce the 
activity observed in the gas and water of Sand Spring was the purpose of 
this experiment. Subsequently investigations were extended to other 
springs in the vicinity. 


APPARATUS AND METHOD OF PROCEDURE. 


The diagram (Fig. 1) represents the apparatus used for determining 
the radio-activity of the water. It consists, essentially, of an emanation 
electroscope, a gas pipette, and a glass flask for containing the water to 
be investigated. 

The gas chamber of the electroscope was made of a brass cylinder of 
about eight centimeters inside diameter and fourteen centimeters long. 
Brass ends were turned and soldered into the ends of the cylinder. Two 
gas-tight stopcocks were also soldered into the cylinder, one communi- 
cating with the gas pipette and the other with a filter pump for exhausting 
the air. The gold-leaf was mounted on a central electrode with inner 
insulation of amber, a guard ring, and an outer insulation of hard rubber. 
The gold-leaf was protected by a second brass cylinder of smaller dimen- 
sions. The guard ring was connected by means of a fine wire, b (Fig. 1), 
and a small rod, d, to the negative pole of a storage battery, the positive 
pole being earthed. The battery was of the test tube type of 480 volts, 
about 240 of which were used. The wire, 0, was bent so that the spring 
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in the wire always kept it pressed against the rod, d. The rod, d, also 
carried a wire, c, bent at right angles and carried along parallel with it. 
By turning d, contact could be made with the gold-leaf support so that 
the electroscope could be easily charged. The wire could then be turned 
to a definite position when measurements were being made. This arrange- 
ment made it easy to keep the central electrode charged for any length 
of time desired and so concentrate the excited activity of the gas upon it. 
The various parts of the insulation and guard ring were cemented together 
and secured in the cylinder with Khotinsky cement. The electroscope 
was fastened securely to a heavy iron base, N. 

The gas pipette, D, was made of a glass vessel fitted with a three-way 
stopcock, e. Connected to it was a mercury reservoir, E, for displacing 
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Fig. 1. 


the gas. The gas was dried by passing it through the U-tube, C, filled 
with calcium chloride. The glass flask, H, of about two liters capacity, 
was connected to the gas pipette by a bent tube and rubber stopper. 
The glass tube was surrounded by a water jacket, F, so that the steam 
could be condensed when the water in H was being boiled. 

When a determination of the activity of the water was to be made, 
the water was taken from the spring as near the source as possible and 
carried to the laboratory where it was introduced into the flask, H, filling 
it to a mark previously determined such that the water on being boiled 
expanded and completely filled the flask. The gas pipette was then filled 
with mercury and the cock, f, closed and the three-way cock, e, turned so 
that connection was made between the flask and the pipette through the 
bent glass tube which was surrounded by the water jacket. After 
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opening the cock, f, a Bunsen flame was applied to the flask and the water 
heated to boiling. The boiling was continued for fifteen or twenty 
minutes, the steam being condensed by water flowing through the water 
jacket. During this time, the air left in the flask and the gas driven off 
from the water have been carried over into the pipette, displacing the 
mercury. The mercury reservoir was always placed a little lower than 
the pipette so that boiling took place under diminished pressure. After 
sufficient boiling, the mercury reservoir was lowered considerably and 
the water boiled vigorously so that practically all the gas was drawn into 
the pipette. The cock, f, was now closed and, after two hours from the 
time the water was taken from the spring (which happened to be a con- 
venient length of time), the collected gases were introduced into the 
electroscope through the drying tube. This was done by partially ex- 
hausting the electroscope chamber with a filter pump to a pressure of 
three or four centimeters of mercury, as was shown by a manometer, M. 
The stopcock, e, was now turned so that the gas could be drawn through 
the drying tube into the electroscope. The pressure in the gas chamber 
was equalized by removing the bent tube and allowing the outside air to 
carry all the gas remaining in the connecting tubes into the electroscope. 
The capacity of the gas chamber was between 700 c.c. and 800 c.c. and 
the mixed gases had a volume of about 125 c.c. 

Before introducing the gases into the electroscope the central electrode 
was connected to the negative pole of the battery and kept at a constant 
potential of —240 volts. Thus the excited activity was concentrated 
on the electrode, and, after three hours it had come into equilibrium with 
the radium emanation. After this interval, the rate of deflection of the 
gold-leaf was taken. The time was taken with a stop-watch and the 
deflection observed with a telescope fitted with a micrometer eyepiece. 
The rate of deflection was corrected for the natural ionization of the air. 
The same part of the scale was always used in taking an observation and 
the potential of the battery was adjusted so that the gold-leaf was de- 
flected to the point at which the readings began. It was observed that, 
if the central electrode was kept charged for a considerable time to allow 
the charge to be evenly distributed over the insulation, the natural ioniza- 
tion was practically constant. Without a guard ring and without the 
precautions taken, the natural ionization might vary as much as two or 
three times any observed value. 


THE RADIUM STANDARD. 


In order to interpret the rate of deflection of the gold-leaf in terms of 
the activity of a known amount of radium, it is necessary that the elec- 
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troscope should be calibrated. For this purpose Professor B. B. Bolt- 
wood, of Yale University, kindly sent me a small quantity of Joachimsthal 
uraninite (pitchblende) which he had analyzed. The specimen contained 
approximately 67 per cent. uranium. Since one gram of uranium by 
comparison with the New International Radium Standard contains 
3.2X10~7 grams of radium, one gram of the sample would contain 
2.14X10~7 grams radium. Since the powdered sample loses 6 per cent. 
of its emanation, the amount of radium emanation secured on dissolving 
one gram of the sample would be equal to the amount given off by 2.0 
10-7 grams radium. From the specimen of uraninite .0099 grams 
were weighed out and placed in a small flask with a side-tube and water 
jacket Fig. 2 (6). A funnel provided with a stopcock and filled with 








Fig. 2. 


dilute nitric acid (one part acid to six parts water) was fitted with a rubber 
stopper into the mouth of the flask. This arrangement was now fitted 
to the pipette in place of the flask and its water jacket in Fig. 1. The 
acid was allowed to flow down into the flask to dissolve the sample. 
Then the flask was heated and the contents boiled and all the gases driven 
over into the pipette. After two hours as in the case of the water, the 
gases were introduced into the electroscope and the rate of deflection 
observed. From this observation, corrected for the natural ionization 
of the air, the deflection of one scale division could be estimated as that 
caused by the activity due to the emanation from a certain number of 
grams of radium. Hence, by comparison, the activity of a liter of the 
water could be expressed as that due to a certain number of grams of 
radium. 
ACTIVITY OF THE GASEs. 

The gases were caught with a funnel which was connected to a bottle 

filled with water and having an outlet tube extending into the water. 
































| RADIO-ACTIVITY OF SPRINGS. 343 


As the gases accumulated, the water was displaced. When the bottle 
was filled it was made air-tight and taken to the laboratory, and after a 
period of two hours from the time of its collection, it was introduced into 
the electroscope. This was done by displacing the gas from B, Fig. 2 
(a), with water from the bottle, A, into the pipette, C, where its volume 
under known conditions of temperature and pressure were ascertained. 
From there it was drawn into the electroscope. After standing three 
hours the rate of deflection was observed. Hence the activity of the gas 
could be computed in terms of the standard. The amount of gas used 
was 145c.c. This amount of the Sand Spring gas was sufficient to give a 
deflection of 1.832 divisions per minute. The deflection due to the natural 
ionization was .007 divisions per minute. 


OTHER SPRINGS TESTED. 


The second spring tested is located about 200 yards below Sand Spring. 
It is called Wampanoag Spring. It is of much the same nature as Sand 
Spring. Its temperature is slightly higher and its flow much less. The 
activity, as seen from the table below, of both the water and gas is much 
greater. This might be expected from the fact that the flow is less and 
the amount of gas given off much smaller. 

The third spring, which I will call the “Rich’’ Spring from the name 
of its owner, is about one mile distant from the other springs and on the 
other side of the Hoosac River. It issues from the base of Northwest 
Hill and is not enclosed. The flow, I should judge, is slightly greater 
than that of Sand Spring, though I had no ready means of making the 
determination. The water and gas of this spring are comparatively 
weak. 

The other two springs are Cold Spring and Sherman Spring both of 
which are used as a part of the water supply for Williamstown. The 
water from the Sherman Spring was taken as it issued from the earth, 
but the water from Cold Spring was taken from the reservoir as its source 
was not easily accessible. For this reason, the latter had lost the greater 
part of its activity. 

The tap-water was taken from the tap of the laboratory after letting 
the water run for a couple of hours. 


TEST FOR DISSOLVED SALTS OF RADIUM. 


Eleven liters of the water from Sand Spring were evaporated to two 
liters and sealed in the flask, H, Fig. 1. After standing sixteen days, 
during which time more emanation would be produced if the salts of 
radium were present, the water was again boiled and tested for its activity. 
Not a trace could be detected. 
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The water and gas were not tested for thorium. 


TABLE OF RESULTS. 




















Temperature in Activit per Liter | , 
Name of Spring | ee | cee 

Oct. Jan. Grams Radium. 
Sand Spring............ 20.8 19.8 653. X10-" 12.16 x10-" 
Wampanoag............ 21.9 21.5 729. X10-" 21.6 10-4 
eee 18.2 18.2 75.9 X10-" 897 X 10-4 
Sherman Spring......... 2. 4.11 «10-4 
Serer 1.31 X10-" 
p | TTT ere 25 10-0 























THE DECAY OF THE RADIUM 
EMANATION AND ITS Ex- 
CITED ACTIVITY. 


Fig. 3 represents the decay of 


2 the active deposits radium A, B, 
- and C, concentrated on the cen- 
) 

w tral electrode of the electroscope 


3 


from the emanation in the Sand 
Spring gas. The electroscope 
pHi iii tit was kept charged and the gas 

TIME IN MINUTES introduced and allowed to stand 

Fig. 3. for three hours. The gas was 

then drawn off and the measurements of the activity taken at intervals. 
Fig. 4 represents the increase of activity due to the active deposits 
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after the gas is introduced, and the decay of the radium emanation in 


equilibrium with its products. 


Fig. 5 represents the decay of radium emanation in equilibrium with 


its products, plotting logarithms of 
deflections against time in days. 
The curve is a straight line show- 
ing that the gas decays according 
to an exponential law with a half 
value period practically the same 
as that for radium emanation, 
which is 3.85 days. It was diffi- 
cult to make the electroscope air- 
tight so that correction was made 
for diffusion by comparison, under 
the same conditions, of the decay 


LOG OF DEFLECTIONS 





« J . ? s ° 
TIME tm OATS 


Fig. 5. 


curve of the radium emanation from the sample of uraninite used for 


calibration. 


In conclusion, I wish to thank Professor B. B. Boltwood for his kindness 
in furnishing me with the uraninite for the calibration of my electroscope, 
and also Assistant Professor Brainerd Mears for the loan of apparatus 
from the Chemical Laboratory and for several valuable suggestions. 


THOMPSON PHYSICAL LABORATORY, 
WILLIAMS COLLEGE, 
January 30, 1914. 
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RADIOTRANSMISSION AND WEATHER. 


By A. H. TAytor. 


N a previous paper on this subject! the writer submitted evidence 
which seemed to show that unusually good radio transmission across 
long overland distances at night is preceded the day before by generally 
cloudy conditions prevailing in the region across which the nocturnal 
good transmission takes place. 

The evidence presented in that paper has been greatly strengthened 
by subsequent observations. In particular it may be mentioned, that 
out of some sixty cases of good transmission studied since September 24, 
1913, forty-four have followed a generally cloudy condition over the 
area in case, while of the other sixteen, a majority have occurred during 
the shortest days of the year, when the hours of sunlight in the latitude 
of Grand Forks, N. D., are relatively few. 

Before discussing the bearing of this evidence on the idea of the re- 
flection and refraction? of electric waves by ionized layers of the earth’s 
atmosphere, it will perhaps be well to examine some of the data collected 
at this station since September 24, 1913, for evidence of a somewhat 
different character. 

In commenting upon the previous paper, the editor of the Electrical 
World suggested that the effects noted might have been indirectly due 
to general cloudiness, inasmuch as this would usually bring about some 
rainfall and would therefore probably reduce the ground absorption 
which is thought to be much larger in overland than oversea trans- 
mission. Fortunately the weather during the fall of 1913, especially 
during the months of October and November, was of such a nature in 
this part of the continent as to make it possible to settle this important 
question. The height of the aerial at this station is but 85 feet, so that 
the nearest of the Great Lakes stations do not usually make themselves 
heard until after dark. Nevertheless, during a period of over a month 
in which no moisture whatever fell in northern Minnesota the stations 
at Port Arthur, VBA, and Duluth, WDM, were heard as early as 4:30 
P. M. on several occasions. Subsequent comparison of weather reports 


1 Electrical World, August 30, 1913. 
2 Dr. W. Eccles, in The Electricians, September 27, 1912, and September 19, 1913. 
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showed that in each instance the intervening region had been very cloudy. 
In spite of the fact that during this period no rain fell, or even snow until 
about December 1, there was a great deal of cloudy weather over northern 
Minnesota, and hence especially close attention was given to the trans- 
missivity from VBA and WDM. In 80 per cent. of the cases of very good 
transmission from these stations to this one (9gYN) the preceding day 
had been very cloudy in this region. The effect of moisture on ground 
absorption is here eliminated. I am therefore forced to conclude that 
the effect of alterations of earth absorption are entirely overshadowed 
by the larger favorable influence of preceding cloudiness. Incidentally 
these experiments showed that the normal day absorption on clear days 
in this region is very large. This is supported by the fact that our own 
signals sent on a 500 m. wave with 7 amperes aerial current were but 
fairly received just before dusk in Minneapolis at the North Central 
High School with a 100 ft. aerial, whereas less than an hour later they 
were repeatedly picked up by Mr. Keith Russell on a 70 ft. aerial in 
Toronto. The first distance is 300 and the last 1,000 miles. 

It has occurred to the writer to analyze data at hand for the possible 
influence of barometric pressure on transmission. The weather maps 
corresponding to the days preceeding the evenings of observation were 
examined and 24 were found which indicated that rather low barometer 
readings had prevailed in or near the areas across which transmission 
had been studied. Of these only two were found to correspond with 
records of bad transmission, while the others all corresponded to records 
of good transmission. Inasmuch as the weather maps do not arrive 
here until the day after the transmission records are made, it is not 
possible for the observer to be prejudiced. Conclusions as to good or 
bad transmission were based on observations on Sayville, N. Y., call 
WSL; Arlington, Va., call NAA; Key West NAR (1,800 m.) Wellfleet, 
Mass., WCC; San Diego, NPL, and the Lakes stations at Milwaukee, 
WME;; Port Arthur, VBA; Duluth, WDM; Sault Ste. Marie, VBB. 
For reasons not at once apparent many stations on the Gulf of Mexico or 
in the Mississippi valley are received here with extraordinary clearness. 
A good many observations were made on signals from battleships in the 
Gulf and upon Galveston, WGV; New Orleans, WHK;; Ft. Sam Houston, 
WUJ; Michigan University, 8X A; Ft. Leavenworth, WUV, and others. 
From the west coast, observations were also made upon Mare Island, 
NPH; Point Arguello, NPK, and occasionally upon Victoria, VAK. A 
great many other stations might be mentioned as being heard here when 
transmission was unusually good. A good many vessels were reported 
at this station but it was not often possible to locate them very definitely. 
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Finally, shunted telephone readings have been made on our own signals 
at Memphis, Tenn., by Br. John Berchmanns, of Christian Brothers 
College; at St. Louis by Mr. A.S. Blattermann at Washington University; 
at Boulder Colorado, by Mr. Strock; and by Mr. H. S. Sheppard at 
Michigan University in connection with certain tests to be reported on 
jointly in a future paper. Several amateurs at points from 600 to 1,100 
miles distant have been kind enough to make written reports on the 
relative strength of our signals, among these Mr. Stockman at Denver, 
Colorado, and Mr. Miller, at Bushnell, IIl. 

In reference to the influence of barometric pressure, it must be noted 
that areas of low barometer are always more or less cloudy. In order 
to settle this point it is necessary to consider the cases where the barometer 
readings were generally rather high over the areas studied. Of 18 cases 
which could be put in this class, 11 showed good transmission and 7 poor. 
But of these 11 cases of good transmission, 4 were reported from the 
valley of the Mississippi, which the author has reason to believe permits 
phenomenally good transmission, and 6 were over generally cloudy 
areas. Of the 7 cases of bad transmission associated with rather high 
barometer, 5 were over very cloudy areas. The writer does not consider 
this evidence conclusive, but it might mean that high barometer is un- 
favorable to transmission. Clear-cut cases for long distances are not 
easy to find for either the high or the low barometer classes. 

On the whole it seems as if the presence of clouds is the controlling 
factor, modified somewhat perhaps by barometric conditions. Bearing 
this in mind, it seemed worth while to attempt to find out whether 
cloudiness would be most beneficial at the sender or at the receiver. 
Accordingly the evenings of observation were divided as follows: 


1. Senders and receiver both in cloudy area. Good transmission 19; bad 4. 


2. Senders and receiver both in clear area. Good transmission 7; bad 6. 
3. Senders, cloudy; receiver, clear. Good transmission 14; bad 3. 
4. Senders, clear; receiver, cloudy. Good transmission 8; bad 7. 


From this analysis it seems that few cases of good transmission are 
reported when both stations have been in the clear area preceding the 
night of observation and about the same indifferent result is seen when 
the sender only has been in the clear. On the other hand, when the 
sender but not the receiver has been in the cloudy, the ratio of good to bad 
transmissions is about the same as when the cloudiness has been quite 
general. This ratio is 5:1 in favor of good transmission. Cloudiness 
in that portion of the area of transmission near the sender is evidently 
of the most importance in favoring transmission. This should have an 
important influence on the formation of any theory which will take 
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account of the variations of nocturnal transmission as a function of the 
weather of the preceding day. 

It seems to the writer that the most serious attempt to correlate fact 
and theory in long distance transmission problems has been made by 
Dr. Eccles in the two papers previously mentioned. As he points out, 
the hypothesis of an upper layer of ionized air was suggested by Heaviside 
in 1900, and the idea of the production of such ionization by bombard- 
ment of cosmic dust has been advanced by Dr. W. J. Humphreys! to 
account for the fact that according to the researches of Newcomb, 
Yntema, Campbell and Abbott, there is received from the sky a total 
amount of light which exceeds the total light from the stars. Dr. Eccles 
seems to prefer however the hypothesis of Professor Schuster,? put for- 
ward to justify his theory of the diurnal variations of terrestrial mag- 
netism. This would mean a gradual increase in ionization and hence in 
conductivity with the height, but on the whole a degree of ionization 
which would create a very great absorption. He points out that a very 
much smaller degree of ionization would suffice to explain some of the 
phenomena of long-distance radio transmission. 

If the equations of the electromagnetic wave in free space be modified 
by the addition of a term representing the ionic convection current in 
the path of the wave, there results an expression for the wave velocity 
which exceeds that of light in free space. A better way of stating this 
is perhaps to say that the refractive index of ionized air would be less 
than unity, just as in the case of thin films of some metals whose re- 
fractive indices may be much less than unity for light rays. The effect 
of a refractive index diminishing with increasing altitude would be to 
tend to bend the waves back to earth, thus following more or less its 
curvature. 

Dr. Eccles offers the very plausible suggestion in regard to the well- 
known facts of nocturnal long transmission, that the middle portion of 
the atmosphere is at night mainly unionized on account of the absence 
of sunlight, but that partial reflections occur at the very high permanently 
ionized layer. This reflection would not take place during the day, as 
there would be no very sharp transition from ionized to unionized at- 
mosphere. His calculations on the amount of bending of long waves 
during the day time show that a distribution of ionization is possible 
such that these waves, at certain critical altitudes (ranging from 40 
kilometers for a 2,000 m. wave to 100 kilometers for a 200 m. wave) 
would suffer a refraction so abrupt as to be equivalent to a reflection, 


1W. J. Humphreys, Astrophysical Journal, May, 1912. 
? Phil. Trans., A, 1907. 














Ss 
350 A. H. TAYLOR. Seconp 


thus accounting for the possibility of long distance transmission being 
better in the daytime with long waves than at night. This has been 
occasionally reported by Marconi of trans-Atlantic transmission. The 
writer has taken many observations on the 1,800 m. wave of Key West, 
on Arlington at 2,500 m. and on Sayville at 2,800 m., but on three 
occasions only, in the month of December, were any of them heard in 
the daytime at this station. The exception was Arlington, distant about 
1,400 miles. The signals were barely audible, and not to be compared 
in intensity with the 9:00 P. M. (central time) time signals. The signals 
of these stations have always been received here stronger as it became 
later in theevening. The aerial at this station is however not high enough 
to do long distance receiving in daylight. 

The writer does not consider that the evidence which has been pre- 
sented in this and the preceding paper is in conflict with the theory of 
Dr. Eccles. On the other hand it is in no wise to be explained by that 
theory, dealing as it does with refractions and reflections at relatively 
high altitudes. The author is inclined to accept the idea of a permanently 
ionized upper layer at great altitude; he is even willing to entertain the 
notion that the ionized middle region in daylight plays an important réle 
in determining the generally large day absorption, but he considers that 
the evidence here submitted can only be accounted for by assuming a 
reflection at the cloud level brought about by a more or less abrupt 
alteration in the velocity of the wave above and below this level. It is 
not the clouds themselves that reflect, as good transmission between 
here and the Lake district has often been observed on very clear nights 
provided that the day has been cloudy. It is rather caused by an 
electrical discontinuity which persists after the clouds which caused it 
have perhaps long disappeared. It is difficult to believe that the probable 
degree of ionization by sunlight at the cloud level could be sufficient to 
be of influence, but so far no other more plausible suggestion has occurred 
to the writer. If this ionization is appreciable, then the clouds would 
in daylight produce a discontinuity layer which might persist for some 
hours after sunset. By the time this discontinuity fades away the ioniza- 
tion in the whole intermediate region of the atmosphere will be reduced so 
that waves may reach the permanently ionized upper layer and be re- 
flected by it with little absorption. Thus good transmission will continue 
until the morning twilight. It naturally follows that general cloudiness 
would be beneficial in daylight. As far as observations taken at this 
station go, they fully agree with this. Unfortunately the day range 
of this station for reception of signals is not sufficiently great to settle 
this point definitely. The fact that cloudiness at the sender (where the 
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radiant energy would without reflection be highly divergent) is more 
beneficial that at the receiver, seems to lend support to this theory. 
The theory leaves us without any adequate explanation of the day 
absorption which Austin has shown to be very regular in oversea trans- 
mission at least. We must therefore either assume that the day time 
ionization under the cloud level averages much larger than is generally 
assumed, or that the radiation is divided as follows: 

1. A portion reflected from the cloud level, and passing from sender to 
receiver as between two approximately parallel surfaces, and hence not 
following the inverse square law of divergence, and not heavily absorbed, 
since it travels in a feebly ionized medium. 

2. A portion entering the middle ionized region and refracted back 
towards the earth according to the theory of Dr. Eccles. This portion 
would be absorbed during the day, but very feebly absorbed at night. 

3. A portion passing through the middle region and partially reflected 
at the upper permanently ionized layer. This would be heavily absorbed 
during the day, and feebly absorbed at night. 

4. A portion which passes out into space and is lost. 

It is likely that the second portion is of the most importance in the 
daytime, while the vagaries of long distance nocturnal transmission are 
due to combinations at the receiver of the first and third portions. Those 
rapid variations in the strength of signals (swinging), and the slower 
fluctuations (fading) so familiar to operators in long range work may well 
be due to interference effects between these two portions. 

The rapidity with which these effects often occur strongly suggests 
the idea of a violent commotion in the lower levels in the wave path. 

Accordingly, daylight transmission over a clear area would be carried 
on mainly by the second portion, the third portion being heavily ab- 
sorbed. Daylight transmission over a cloudy area (especially where 
cloudy at sender and its vicinity) would be reinforced by the first portion. 

Nocturnal transmission following clear days would be carried on by 
the second portion reinforced by the third, both portions being feebly 
absorbed. Nocturnal transmission following cloudiness would in general 
be carried on by all three portions, but the evidence here presented 
suggests that the first portion, added to the third, both feebly absorbed, 
is of great importance. 

Since completing this paper the writer has read an interesting account 
by Nipher, in the Proceedings of the Saint Louis Academy of Sciences, 
1913, of local magnetic storms whose origin he believes to have traced 
to the influence of clouds. He finds also a period of magnetic disturb- 
ances coinciding with the well known twilight fluctuations in radiotrans- 
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mission. Prof. Nipher suggests a variation in the ionization of the 
lower levels caused by variations in the sunlight as the nature of this 
influence. There seems to be an intimate connection between these 
phenomena and the variations in radiotransmission. 


RapD1o STATION 9YN, UNIvERsITy, N. D., 
February 21, 1914. 
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PHASE CHANGE BY REFLECTION—PRIMARILY IN THE 
ULTRA-VIOLET. 


By OLIVER H. GIsu. 


HE first quantitative investigation of absolute phase change was 
made by Quincke! in 1872. This was followed by that of Wer- 
nicke,? Wiener,’ Glan,‘ Hennig,> Drude,® Koenigsberger and Bender.’ 
All these investigations were confined to the visible spectrum except that 
of Koenigsberger and Bender, who, in addition, measured for a few sub- 
stances the phase change in the infra-red. So far no measurements of 
this phenomenon have been made in the ultra-violet. 

Quincke used a total reflecting prism, a portion of whose reflecting 
surface was silvered. Light from a point source, when reflected by this 
prism showed interference bands due to the difference in phase of the 
waves reflected from the silver and those reflected from the glass. He 
observed variations in these bands with the angle of incidence, and also 
with the plane of polarization. From measurements of the width of 
these bands he arrived at values for the phase change from silver relative 
to that from glass. The complexity of this method made it unsatis- 
factory. ; 

Wernicke devised a simpler method by which he measured the phase 
change of silver and several dyes. In this method a thin, plane parallel 
plate of glass was so mounted that white light reflected from it, entering 
a spectroscope produced a spectrum that showed vertical light and dark 
bands. The bands from the silvered portion of the plate showed a shift 
relative to those from the unsilvered part. From the relative shift the 
phase change was determined. 

Wiener, later, by this method studied silver and obtained results that 
were in marked disagreement with those of Wernicke. 

The work of these men was followed by a more exhaustive study, both 
theoretical and experimental, by Drude. In his measurements Drude 


1G. Quincke, Pogg. Ann., 142, p. 192, 1871. 

2W. Wernicke, Pogg. Ann., 155, p. 87, 1874. 

30. Wiener, Wied. Ann., 31, p. 629, 1887. 

4P. Glan, Wied. Ann., 7, p. 640, 1879; 47, Pp. 252, 1892. 

5 R. Hennig, Gott. Nachr., 13, p. 365, 1887. 

* P. Drude, Wied. Ann., 50, p. 595, 1893; 51, Pp. 77, 1804. 

7 J. Koenigsberger u. R. Bender, Ann. d. Phys., 26, p. 763, 1908. 
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used a wedge of glass so thin that it showed interference bands when 
illuminated by monochromatic light. The shift of the bands was then 
measured by a cathetometer. His measurements were in close agree- 
ment with those of Wiener and he suggested that the lack of agreement 
with Wernicke was due to the difference in the silver films. 

It was known to Wernicke that the phase change varied with the 
thickness of the silver film, and he made use of this in an attempt to 
determine the direction of the shift of the interference bands, but Wiener 
was the first to make an extended study of the variation of the phase 
change with the thickness of the silver film. He found that with increas- 
ing thickness, the phase change increased until a full silver was obtained 
after which it remained constant, with a value approximately that for 
massive silver. In addition to the work on thick films Drude also inves- 
tigated films of varying thickness and obtained results that were in close 
agreement with those of Wiener. To explain this phenomenon he as- 
sumed that over the reflecting surface of the silver was a very thin film 
(about one four-hundredths of a wave-length in thickness) having ab- 
normal optical constants. Then when the silver film is sufficiently thick 
the light reflected from the normal silver back of this thin film is the more 
intense and consequently the effect of the latter is not observed. 

Koenigsberger and Bender repeated the work of Drude with modifica- 
tions designed to avoid surface films, and obtained results for gold and 
platinum, supposedly free of films, that were similar to those of Drude 
for silver with the assumed films. Hence they questioned the validity 
of Drude’s explanation, suggesting rather, that instead of applying, as 
Drude did, a system of equations in which multiple reflections are ne- 
glected, more general forms such as the fundamental equations used for 
Hertzian waves should be applied in developing the theory. 


METHOpDs. 


The methods which may be employed for determining the phase change 
produced by reflection from the surfaces of metals and some other regu- 
larly reflecting substances are of two general classes: 

1. Polarimetric Methods——Methods of this class are not direct but 
require an application of the theory to determine the phase-change. 
The theory has not yet been sufficiently tested to accept its results as 
conclusive, and consequently more direct methods are desirable. 

2. Interferential Methods.—Of these, the method of O. Wiener! and 
that of G. Sagnac? are the only direct ones. All other interferential 


10. Wiener, Wied. Ann., 40, p. 203, 1890. 
2G. Sagnac, C. R., t. 154, pp. 1346-1349, May, ro12. 
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methods are indirect, yet because of their greater convenience, they have 
been the more generally used. 

The indirect methods: If a sufficiently thin wedge-shaped piece of glass 
is illuminated with monochromatic light a series of interference bands, 
due to the interference of waves reflected from its front and back surfaces, 
may be observed over the plate. If now the back of the plate be coated 
with some substance, for example, silver, the effect is to shift the inter- 
ference bands from their original position toward the thinner or thicker 
portion of the wedge, according to whether the phase change is a retarda- 
tion or an acceleration. By stripping off then, a portion of the coating 
in a direction at right angles to the bands, two sets of bands are obtained. 
Their relative displacement serves as a measure of the relative phase 
change. The phase change by reflection from transparent substances 
has been thoroughly studied, and theoretically the light (electric vector) 
suffers no change of phase upon the reflection from air into glass. Ac- 
cepting this, measurements with the above wedge should give absolute 
phase change in the transparent region for glass. 

A glass plate having parallel faces, should show no interference bands 
when illuminated with monochromatic light from a broad source; but 
when white light reflected from it is dispersed by a spectroscope a series 
of vertical bands extending throughout the spectrum, in ordinary working 
conditions, may be observed. These bands arise from the fact that 
waves, of such length that their effective path in the plate is an odd 
number of half wave-lengths, produce destructive interference in the 
reflected light. A set of bands from the coated part of the plate and a 
set from an adjacent uncoated part will be shifted relative to each other. 
The magnitude of the phase change may be determined from this shift. 

The latter method is essentially that of Wernicke; the former that 
used by Drude, and by Koenigsberger and Bender. Both have been 
used in the present work. 

Because of the convenience of obtaining thin parallel plates mica was 
used in part of the work, but other advantages led finally to the use 
of thin wedge-shaped plates of glass. The substances investigated for 
phase change were silver, fuchsin, doppel-grun, crystal-violet, cyanin, 
eosin and aniline-orange. 

First Method. 

In the observations with mica the following plan was followed. A 
mica plate coated, except for a central strip, with the substance to be 
tested, was so mounted (Fig. 1), that a source (s) was focused by means 
of a quartz lens (a) upon the mica (p) at a small angle of incidence (about 
2.5 degrees). Then, by means of another quartz lens (5) an image of this 
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plate by the reflected light was cast on the slit of a four foot Rowland 
grating spectroscope. This method requires a source giving a continuous 
spectrum. Sources fulfilling this requirement and also giving sufficiently 
intense radiation in the ultra-violet were not available. With a Nernst 
glower and with exposures eight hours in duration it was found that the 








b 
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Fig. 1. 


limit into the ultra-violet to which observations could be extended was 
340 uH. 
Second Method. 

For most of the measurements the following method was used, which, 
since it made possible the application of a discontinuous spectrum, per- 
mitted measurements to be extended farther into the ultra-violet region. 

Thin glass wedges were selected from several boxes of cover slips and 
from a small supply of thin glass plates that were at hand. All being 
discarded that failed to show straight bands of sufficient breadth when 
illuminated by monochromatic light. The breadth of band which gave 
the best photograph in the shorter wave-lengths was found from a few 
trials. These were then coated on the back with the substances whose 
phase change was to be investigated. Then a strip of the coating was 
removed in a direction at right angles to that of the bands. At first 
the glass wedge was simply substituted in place of the mica plate, of 
the method described above, and the slit of the spectroscope opened to a 
width of about 4 mm. With the copper arc as a source, images of the 











Camera 


Fig. 2. 


slit were distributed throughout the spectrum each showing a set of from 
three to six bands depending on the wave-length. Due to the achro- 
matism of the quartz lens only a limited portion of the spectrum was in 
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focus at a time, so to avoid this, the glass plate itself was diaphragmed 
down to an aperture of 4 by 10 mm. and mounted in place of the slit of 
the spectroscope (Fig. 2). By means of two quartz lenses (a and d) 
and a total reflecting quartz prism (m) an image of the arc was formed on 
this, the light being incident as before at an angle of about 2.5 degrees. 
When properly adjusted all the images of the set of bands were found 
well defined. Photographic records were obtained upon heavy films of 
such length as to include the first order spectrum and a large portion of 
the ultra-violet region in the second order. The displacement of the 
bands was measured with a micrometer microscope. 


Method of Measurement. 


The difficulty of finding glass plates giving perfect bands was one 
source of error. To eliminate as much as possible that arising from the 
curvature of the bands, the cross line of the microscope was first adjusted 
tangent to some band of one set, and measurements of the shift of 
all the bands in the set then made. It was then adjusted tangent 
to a band of the opposite set and the series of readings again taken. 
Each of these series of readings was repeated, the respective adjust- 
ments being on another band of each of the two sets. The mean of 
these four sets of readings should be practically free from the error arising 
from curvature, provided that curvature is not abrupt and the points 
on the bands on which the settings are made are not too far from the line 
of division of the two sets. The first condition depends on the selection 
of the glass plates; the second on the care observed in making the settings. 
A small region between the two sets of bands, owing to the astigmatism 
of the grating, was not well defined. This necessitated setting on points 
that were somewhat removed from the real line of division. However 
this should in no case have caused a greater error than one percent. The 
accuracy with which a setting on the center of a band could be repeated 
depended largely upon the intensity of the photograph. 


Method of Depositing Films. 

The silver films used were deposited by Brashear’s method and were 
of such density that only a trace of light could be seen on looking through 
at the bright sky. 

In obtaining films of the dyes, these were first dissolved in absolute 
alcohol and as concentrated a solution was used as could be dried on the 
plate without the substance crystallizing. The plates were coated by 
dipping them in the solution and quickly drying over a Bunsen flame. 
Considerable difficulty was met in obtaining coatings of heavy and uni- 
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form thickness. This lack of uniformity in the coatings is the cause 
of some irregularities observed in the measurements. In the region of 
the spectrum where the substance is most transparent distortions of the 
bands probably arising from this cause could usually be observed. 


Thickness of Films. 


Some measurements of the thickness of the films used were made as 
follows: Interference bands formed by laying another glass plate on the 
coated side of the plate holding the film to be measured, in general, showed 
a shift between the bands over the coated portion and those over the 
cleared portion of the plate. This shift was measured for two wave- 
lengths far enough apart so that a measurable difference in path in wave- 
length could be observed. The shift of the bands due to the thickness of 
the coating was measured in the direction in which their gain over those 
from the coating surface took place, as light of shorter wave-length was 
used. By varying the wave-lengths of the light illuminating the plate 
it was readily seen that the thickness was, in all measurements, less than 
a wave-length provided the phase change be neglected. Since fuchsin 
is very transparent in the red its phase change there should be the same 
approximately as that of glass, provided its refractive index is greater 
than one. Under this assumption, that the phase change from glass in 
air and from fuchsin in air are the same for the red, the relative shift 
of the bands is a direct measure of the thickness of the film. Values 
obtained by this method from adjacent parts of one film were 275 and 
333 uu. The films of eosin and aniline-orange were so thin as to show 
Newton’s colors. 

Observations. 

Silver.—The photographs taken for silver on mica showed a relative 
shift of about three-tenths of a band at 580 wy, decreasing slowly with 
decreasing wave-length to about 442 up» where the two sets of bands seem 
to coincide. The shift with silver on glass was practically the same as 
for mica except that the position at which the bands coincide seemed to 
be shifted farther toward the ultra-violet (to about 390 uu). They 
continued to coincide throughout the transmission region for silver and 
as far as the photograph showed distinct bands (296 uz). Because of 
the high reflection coefficient of silver the silvered portion did not give 
well defined bands in the greater part of the spectrum. The accuracy 
with which these could be measured did not justify more than qualitative 
observations. 

Drude’s formula! for the absolute phase change (A) at the boundary 
1P. Drude, Wied. Ann., 51, p. 86, 1894. 
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between a transparent medium of refractive index m,, and an absorbing 
medium having an index of absorption k and an index of refraction m is: 


2nnk 
n? — nh? — ny" g 





igA = — 


From this formula, values for the relative phase change were calculated 
from values for m and k obtained by Minor.! These were in close agree- 
ment with the observed values for the red, but, being practically constant 
down to about 320 uy, they are in very poor agreement with the observed 
values at the shorter wave-lengths. In the region where the bands co- 
incide the calculated values ranged from .38 for 326 uu to .32 for 275 uu. 
Minor’s observations however were made on massive silver, mine on 
partially transparent films. The experiments on the variation of phase 
change with thickness of the film would hence lead one to expect poor 
agreement in the region of the spectrum where the substance is trans- 
parent. 

Fuchsin.—The measurements on fuchsin (Table I., Fig. 3) show a 
decreasing phase change for decreasing wave-length until between 420 


























TABLE I. 
Fuchsin. 

Wave-Length. Phase Change. Wave-Length. a of 
577.8 0.39 589 2.64 to 2.70 
568.5 .38 527 1.85 to 1.91 
521.8 ae 486 1.05 to 1.07 
510.6 we 461 0.83 
465.1 .26 431 0.95 
424.0 -00 
406.3 .60 425 1.00 
402.3 ond 413 1.45 
382.7 pI 405 1.18 
353.0 .39 399 1.24 
333.8 | 43 397 1.32 
296.1 | 31 360 1.52 
282.3 .27 344 1.60 











and 440 wu where coincidence, or at least, a minimum phase-change, is 
observed. Beyond this point the phase change suddenly mounts to its 
highest value, after which a gradual decrease is observed to 280 yz where 
its value is .27 wave-length. The transmission region for this fuchsin 
film was determined by mounting it before the slit of the spectroscope so 
that a portion of the light falling on the slit went through the film and 
1 Minor, Ann. d. Phys., 10, p. 617, 1903. 
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the glass plate, while the other passed through the glass plate only. 
By comparing these two portions in the photograph, it was observed 
that, between 440 and 320 wy fuchsin was practically as transparent as 
glass. The abrupt change in phase difference at 420 uu from zero to 
one-half wave-length probably arises from the refractive index of the 
fuchsin, which is less than glass at 425 py, rising above it between 425 
and 410 wu. 

Doppel-Griin—The values for the phase change at the surface of this 
substance goes through two minima in the portion of the spectrum here 
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TABLE II. 
Doppel-griin. 
cies Copper Arc. Nernst Glower. 
Wave-Length. Phase Change. Wave-Length., Phase Change. 

577.8 .36 580 34 
568.5 38 570 es 
521.8 oat 560 | 
510.6 34 550 .28 
465.1 48 540 .23 
448.0 44 530 ms | 
437.8 48 520 21 
427.5 .38 510 .20 
406.3 43 500 18 
382.4 35 490 18 
367.1 41 480 .30 
353.2 42 470 .39 
344.2 ao 460 45 
326.0 48 450 47 

440 41 
296.1 49 430 30 
283.0 48 420 35 
276.7 .50 410 39 














investigated (Table II., Fig. 3). The transmission of this film was deter- 
mined in the same way as for fuchsin, and it was found that between 
496 and 487 wy, and between 389 and 340 were maxima of transmission. 
The magnitude of the transmission was considerably less than that for 














glass. 
Crystal- Violet.—For this substance the phase change (Table III., Fig. 
TABLE III. 
Phase Change. 

Wave-Length, Crystal Violet. | Cyanin. | Eosin, Aniline Orange. 
577.8 0.46 0.23 0.52 0.00 
568.2 45 _ — —_ 
521.8 46 .00 — 33 
515.3 40 _ — — 
510.6 43 _ 32 ae 
465.1 .00 .36 31 .59 
456.4 — .34 — —_ 
427.5 es —_ 36 58 
406.2 .28 48 — _ 
402.3 ey 48 42 61 
368.7 _— 42 — — 
353.2 —_ 48 32 61 
333.4 — 46 _ a 
330.8 — oe _ .60 
319.3 .66 43 48 one 
296.1 59 42 .56 
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3) decreases gradually from about .5 of a wave at 580 to a minimum, 
approximately zero, at about 460 wy then from this point on gradually 
increases to a value of about .6. Its transmission region extends from 
442 to 358 wz with a maximum at about 415 wu. The degree of trans- 
mission was between that of Doppel-griin and glass. Here the minimum 
phase change falls near the upper end of the transmission region. 
Cyanin.—The transmission for cyanin extended from 450 to 370 uu 
with a maximum at about 430 wu where it appeared to be as transparent 
as the glass. The minimum phase change (Table IV., Fig. 4) is not so 
near the maximum of transmission as in the case of the other substances 
tested. Considerable difficulty in obtaining a coating of cyanin was 
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had and the film here used was more granular in appearance than was 
the case with the other substances. 

Eosin.—The film of eosin used showed but little transmission for the 
portion of the spectrum recorded photographically except very slightly 
in the red above 530 uy. 

Aniline Orange.—Absorption for this substance becomes evident at 
about 430 wz when it increases rather abruptly being nearly complete 
below 415 wu. The region above 430 wy as far as recorded is nearly as 
transparent as the glass plate. The films of both cyanin and aniline 
orange gave Newton’s colors in reflected light. 

In general the results obtained leave much to be desired in accuracy 
of measurements; however, in all cases the form of the curves is fairly well 
established. 

In conclusion the writer wishes to thank Professor Skinner for sug- 
gesting the problem and giving many other helpful suggestions in the 
course of this investigation. 


BRACE LABORATORY OF PHYSICS, 
UNIVERSITY OF NEBRASKA. 
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A REPLY TO MR. IRVING LANGMUIR’S PAPER ‘‘'THE EFFECT 
OF SPACE CHARGE AND RESIDUAL GASES ON THER- 
MIONIC CURRENTS IN HIGH VACUUM.” 


By J. E. LILreENFELD. 


1. Mr. Langmuir does not mention (p. 450), that the author called 
attention to the experiment of Soddy? and first proved* that the current 
from a Wehnelt electrode decreases with the pressure in the tube, not 
because the decrease of the pressure changes some of the properties of 
the electrode, but because the electromotive force which is needed to 
cross the space between the electrodes increases with each improve- 
ment of the vacuum owing to the electron density in the space. The 
author is very glad that Mr. Langmuir has the same opinion on this 
point. 

2. Mr. Langmuir does not mention, that the law 


1 = constant V?” 


has been published‘ by the author as holding accurately for a range of 
current densities below an upper limiting value of 7. 

3. For values of 7 larger than this limiting value of i the author es- 

tablished® the law 
t=aV?+68. 

4. If Mr. Langmuir finds in his experiments solely the law 7 = constant 
V?” holding with a rather rough approximation, this is due to the fact 
that his current densities are below the limiting value mentioned above. 

5. Mr. Langmuir claims (p. 483) that he obtained a much higher 
vacuum than the author. Adopting a criterion suggested by Mr. Lang- 
muir (p. 470) we come rather to the contrary conclusion. Mr. Lang- 
muir’s opinion is that the exponent ¢ in the equation 7 = constant V* 
has to be = 3/2 as far as perfect vacuum is considered. Any increase 
of pressure increases e«. Now the lower part of Curve III., Fig. 5, ob- 
tained in Mr. Langmuir’s “perfect vacuum” is represented by the 
equation 7 = constant V"*", Mr. Langmuir attributes this difference to 
residual gas. Indeed the author has shown® that in the lower part of 


1 Puys. REv., December, 1913, p. 450. 
2 Nature, 77, 54, 1907; also Physik. Ztschr., 9, p. 1 (1), 1908. 
3 Physik. Ztschr., 9 (16), p. 193, 1908; also Ann. d. Phys., 32, p. 674, I910. 
4Ann. d. Phys., 32, p. 717-719; also p. 736, I910. 
5 Ber de Math. Phys. Classe der Kgl. Ges. d. Wiss. zu Leipzig, 9, July 20, 1908; Ann. d. 
Phys., 32, p. 699. 
6 Ann. d. Phys., 32, p. 717-719; also p. 736, 1910. 
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his experimental curves the condition e = 3/2 is fulfilled with absolute 
accuracy. Considering that even in this part of the author’s curves the 
current densities are larger than Mr. Langmuir’s, we ought to conclude 
that the author’s vacuum was by no means inferior to the vacuum Mr. 
Langmuir worked with. 

6. Besides, there are other points proving that the author’s vacuum 
was of the very highest degree, for he used liquid and solid hydrogen, 
with very large and short vacuum connections without changing in any 
way his results. 

As to Mr. Langmuir’s conviction that his essential advantage over the 
author’s work consists in his using a pure metallic incandescent electrode 
instead of Wehnelt cathode, the author refers to the fact that changes of 
temperature and composition of the Wehnelt electrode do not involve 
any change in the discharge conditions.!_ Recently? the author published 
the results of his last three years’ work, showing also, that not the least 
difference is caused by using an incandescent pure tantalum cathode 
instead of the Wehnelt cathode. 

As to the anode, the principal thing is that it ought to be freed from 
gas at a temperature sufficiently higher (500°) than the temperature it 
assumes when the discharge is passing. The anode has a comparatively 
large surface, and can be directly cooled by liquid air. And the char- 
acteristic of the discharge is not altered by removing the liquid air bath. 
As the author tried all possible materials for the anodes,* obtaining 
always identical results, there is no possibility that the anodes would be 
of an essential influence in the experiments. 

7. In his papers referred to the author proved by many other experi- 
ments that above a lower limit of the current density there is no de- 
pendence between the gas density and the discharge characteristic in a 
high vacuum. Moreover, he stated that above a certain current density 
there is practically no space charge in the perfect vacuum. He con- 
cluded from this as a matter of fact that there is formation of positive 
charges in the space independently of the gas. He did not call these 
positive charges ions, as Mr. Langmuir and also Mr. Coolidge* suggest 
in their papers, not having an exact evidence for their nature. But there 
is an absolute mathematical® evidence established for their existence. 


THE PHYSICAL INSTITUTE, 
LeEIpziG UNIVERSITY, 
February, 1914. 
1 Ann. d. Phys., 32, p. 714-715, I910. 
2 Ann. d. Phys., 43, p. 37-40, 1914. 
* Ann. d. Phys., 32, p. 706-710. 1910. 
‘ Puys. REv., December, 1913, p. 411. 
5 Ann. d. Phys., 32, p. 725-737 (1910); Ber. d. Math. Phys. Classe der Kgl. Ges. d, 
Wiss. zu Leipzig 63, 337-339 (1911); Ann. d. Phys. 43, p. 40-44, 1914. 
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A REPLY TO MR. W. D. COOLIDGE’S PAPER “A POWERFUL 
RONTGEN RAY TUBE WITH A PURE ELECTRON 
DISCHARGE.”! 


By J. E. LILIENFELD. 


R. Coolidge objects (p. 412-413) that the author’s vacuum “‘is not 
high enough to justify the conclusions drawn.” In his preceding 
reply to Mr. Langmuir’s objections the author has developed the reasons 
which make him believe that the vacuum reached in the General Electric 
Co.’s Laboratory was by no means higher and probably lower than the 
author’s vacuum. As to the freeing the electrodes from gas, the author’s 
opinion is that it is only important to heat the electrodes during the 
pumping nearly to their melting point and to exhaust as long as gases 
are developed. If then during the working of the tube the electrode 
temperature remains sufficiently below the temperature reached during 
the exhaustion, no more gas can be given out to the vacuum. This is 
the kind of work the author did, and he obtained nearly perfect results? 
by it. As he does not know which construction of the author’s tubes 
Mr. Coolidge studied, he cannot say why Mr. Coolidge failed in his 
experiments. 

Again, as developed in the preceding reply to Mr. Langmuir, the author 
never assumed that there is ‘no such thing as a pure electron discharge.” 
As a matter of fact the author proved that the space charge disappears 
practically, if the space density of the electrons becomes larger than a 
certain limiting value. Ina space where this limiting value is not reached 
there may be a perfectly unipolar conductivity. Again, the author did 
not assume the positive charges to be ions, and even called attention?® 
to the fact that owing to the exceedingly small number of ions in his 
tube there is practically no disintegration of the electrodes. So he can- 
not agree with Mr. Coolidge’s views on any point. 

The author intends to publish a paper concerning his own further devel- 
oped experimental work and limits himself at present to the above reply 


to Mr. Coolidge’s objections. 
THE PHYSICAL INSTITUTE, 
LEIPZIG UNIVERSITY, 
February, 1914. 
1 Puoys. REv., December, 1913, p. 409. 
2See the pictures published by Rosenthal, Fortsch. a. d. Gebiete d. Réntgenstralhen, 
vol. XVIII, Tafel XVII (1912) and Vol. XX, Tafel XXII (1913). 
2 Fortschritte, vol. XVIII, p. 258, (a), and (b). 
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THE ENERGY OF PHOTO-ELECTRONS FROM SODIUM AND 
POTASSIUM AS A, FUNCTION OF THE FREQUENCY 
OF THE INCIDENT LIGHT 


By W. H. KapeEscu. 


HE energy of photo-electrons as a function of the frequency of 
the incident light has been studied in numerous researches, but 
with little concordance of results. Ladenburg,! who was the first to 
investigate the subject, concluded that the emission velocity varies 
directly as the frequency. Joffé? showed, however, that Ladenburg’s 
observations were in quite as good agreement with the view that not 
the velocity of electrons, but their energy, varies as the frequency. 
Kunz? at first found a linear relation between energy and wave length. 
Later observations led him to develop a theory according to which the 
velocity varies as the frequency. Wright‘ found a maximum in the energy 
curve which was taken as a confirmation of the view that the photo- 
electric effect is a resonance phenomenon. The same conclusion had 
been reached by Lenard’ and by Ladenburg and Markau.’ Hughes’ 
found a linear relation between energy and frequency, as did also Richard- 
son and Compton.’ Cornelius’ obtained results which were taken to 
support the theory of Kunz. Compton," however, showed that according 
to Cornelius’s data the energy is more nearly proportional to the cube 
of the frequency than to the square. 

This total lack of agreement in experimental results, and the bearing 
of photo-electric phenomena on the unitary theories of radiation, render 
it important that further work be done. It was with the hope of eliminat- 
ing some of the difficulties and errors that have beset investigators in 
this field that the present research was undertaken. 


1E, Ladenburg, Verh. d. D. Phys. Gesell., 9, p. 504, 1907. 

2 A, Joffé, Ann. der Physik, 24, p. 939, 1907. 

3 Jakob Kunz, Puys. REV., 29, p. 212, 1909, and 33, p. 208, IgII. 
4J. R. Wright, Puys. REV., 33, p. 43, I9II. 

5 Lenard, Ann. der Physik, 8, p. 149, 1902. 

6 Ladenburg and Markau, Verh. d. D. Phys. Gesell., 10, p. 562, 1908. 
7A. L. Hughes, Phil. Trans. (A), 212, p. 205, 1912. 

8 Richardson and Compton, Phil. Mag., 24, p. 575, 1912. 

® David W. Cornelius, Puys. REv. (2), I, p. 16, 1913. 

10 Karl T. Compton, Puys. REv. (2), 5, p. 382, 1913. 
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The chief sources of uncertainty in photo-electric work have been the 
following: (1) The illuminated surfaces have usually been of metals 
sensitive to only a short range of frequencies. (2) Surface conditions 
have not been controlled, so that there was no assurance of uniformity 
throughout a set of observations. (3) There has been in some cases 
much trouble with reflected light. In order, so far as possible, to obviate 
these difficulties, the following precautions were taken. (1) Surfaces of 
the strongly electro-positive metals, sodium and potassium, were illumi- 
nated, these being sensitive to long waves as well as short. (2) A device 
was employed for exposing a fresh surface very readily, and as often as 
desired. 


Apparatus.—The photo-electric cell was of the form shown in Fig. I- 
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Fig. 1. 


W is a brass wheel about 8 cm. in diameter, which could be rotated by 
means of the electro-magnet Mi, acting on the armature A;. To the 
periphery of this wheel, which was insulated from the shaft by means of 
amber, the electrodes were attached. These were cylindrical in form, 
2 cm. in diam. and initially about 8 mm. deep. They were made by 
pouring the molten metal in an atmosphere of dry CO, into a mould 
whose removable brass bottom was designed to hold the metal firmly, 
and make metallic contact with it. This base was then screwed into the 
wheel W. K is an auger-like knife rotated by means of the electro- 
magnet M2 and armature Az. This knife could also be slid along the 
tube in the direction of W, but the point to which it could be carried was 
limited by a third armature A3, and a collar C, fixed to the shaft S. 
This armature was connected with the framework by a fine screw S:, 
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and so, by means of M2, could itself be advanced or withdrawn. This 
arrangement made it possible to take off a slice as thin as desired from 
the electrode, and turn the fresh surface in the direction of F, in position 
to receive the illumination. 

The Faraday cylinder consisted of a fine-meshed copper gauze, black- 
ened by oxidation, and a brass cylinder outside the gauze, concentric 
with it, and insulated from it by means of ebonite rings. Terminals 
were led out separately from the brass cylinder, the gauze, the wheel W, 
and the mechanism of the tube. Those from the mechanism and brass 
cylinder were put to earth, that from the gauze to an electrometer of 
sensitiveness about 150 scale divisions per volt, while that from the 
wheel was connected with a potentiometer arrangement by which any 
potential desired could be given the electrode. 

Extraneous light was excluded by surrounding the tube with a light 
tight box of sheet iron, painted inside with optical black. This box was 
also earthed, and helped to eliminate electro-magnetic disturbances, 
and static effects. 

The source of light was a spark between iron terminals. These were 
joined to the secondary of a large induction coil designed to operate with 
alternating current. The disturbances attending its use in this way, 
however,! made it necessary to energize the coil with storage cells. 
Leyden jars were placed in parallel with the spark to increase its instan- 
taneous intensity. The light was passed through a quartz spectrometer, 
previously calibrated by means of the lines of the mercury arc. During 
the photo-electric observations the slit width was about 1 mm. for both 
collimator and telescope. The spark terminals were carried by a clamp 
fixed to the collimator. In passing from one wave length to another the 
telescope was allowed to remain in position, only the collimator being 
moved. The lenses not being achromatic, it was necessary to change 
the lengths of spectrometer tubes for each new frequency. The lengths 
required were determined in advance by allowing the light of each mercury 
line, after traversing the system, to fall upon a screen of uranium sulphate, 
a satisfactory adjustment being indicated by the sharpness of the focus 
on the screen. The tube length required at 2,002 A.U. was 22.5 cm., 
at 3,906 A.U. 28.5 cm. During the process just described the collimator 
slit was made as narrow as possible while that of the telescope was 
removed. During the determination of the spectrometer setting corre- 
sponding to the various wave-lengths both were in place and narrow. 

The whole optical arrangement including induction coil, storage cells, 


1 Millikan, Puys. REv. (2), I, p. 73, 1913; Pohl and Pringsheim, Ber. d. D. Phys. Gesell.’ 
10, p. 974, I912. 
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Leyden jars, and spectrometer, was placed inside a large box, made of sheet 
iron 2 mm. thick. This was necessary in order to eliminate completely 
the electro-magnetic disturbances referred to above. 

The photo-electric cell was evacuated through a tube about 3 cm. in 
diameter by means of a Gaede molecular pump. This was kept running 
throughout every set of observations. A McLeod gauge reading to 
.00OOOI mm. of mercury showed no indication. No attempt, however, 
was made to test for the residual vapors of mercury or of stopcock grease. 

Observations.—In determining the energy of the electrons emitted 
under the influence of any wave-length two methods were employed. In 
the first, distribution of velocity curves were run in the usual way by 
plotting as abscisse the potentials applied to the electrode, and as ordi- 
nates the electrometer deflections due to a given period of illumination, 
The point where this curve met the axis of potentials was taken as a 
measure of the energy of the swiftest electrons. In the second method 
a potential was applied to the electrode just sufficient to prevent a 
deflection of the electrometer. The agreement between the results given 
by the two methods was very close. 

It was found that the strength of 
the photo-electric current fell off 
very rapidly with increasing age of 
surface. To determine whether this 
was due to illumination, or to changes 
taking place independently of the 
illumination, observations on the cur- 
rent were made under two conditions. 
In the one the same surface was illu- 
minated for 30 seconds at intervals 
of two or three minutes. Curves with 
ages of surface as abscisse and the 
corresponding electrometer deflections 
as ordinates were thendrawn. These 
were convex toward the axes of coér- 
dinates. In the second case a fresh 
surface was exposed each time, but at 
different age. The age current curves obtained by this method were 
straight lines, with negative slope. From this is seen that both age and 
illumination affect the surface in such a way as to cut down the current. 
It was thought that an improvement in the method might be made by 
observing the electrometer deflections as in method two, extending the 
curve backward to the line of zero age, and taking this point of inter- 
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section as the measure of the current from a clean metallic surface. This 
however was found to be unnecessary, since the slope of these curves 
became smaller and smaller, approaching zero as the potential applied 
approached that required to prevent the escape of electrons. This is 
clearly shown in Fig. 2. In this case only two points on each curve were 
determined. The method of observation finally adopted was to cut a 
fresh surface for each potential applied to the electrode, to allow this 
surface to attain an age of two minutes (about the length of time required 
to close the box containing the photo-electric cell, and otherwise prepare 
to make an observation) and then illuminate. The applied potentials 
were then plotted as abscisse and the corresponding electrometer deflec- 
tions as ordinates. Only a small section of the curve was determined in 
each case, since only the point at which it met the voltage axis was 
required. 

The observations made on sodium by illuminating with four different 
wave-lengths are graphically shown in Fig. 3. Plotting frequencies as 





Fig. 3. 


abscisse, and the corresponding maximum potentials determined as 
above, as ordinates, the curve in Fig. 4 is obtained. Observations made 
in the same way on potassium give the points marked by circles in Fig. 5, 

In the second method of observation also, namely, that in which a 
potential was applied to the electrode just sufficient to prevent the escape 
of electrons, fresh surfaces were frequently cut, especially when the 
balancing potential was approached. This was done to insure greater 
accuracy, merely by providing a surface as sensitive as possible to the 
light. This method was employed only for potassium. The points thus 
determined are indicated by dots in Fig. 5. 
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Fig. 4. 


Discussion of Results ——The results of the investigation are seen to be 
in agreement with those of Hughes! and of Richardson and Compton. 
They may be expressed by an equation of the form 


V = Kn — Vo, 


in which V is the difference in potential in volts between the electrode 
and the adjacent parts of the tube, just sufficient to prevent a deflection 
of the electrometer, m is the frequency of the incident light, and K and 
Vo constants. 

According to the theory of Einstein*® the relation between energy and 
frequency should be represented by the equation 


Ve = ~ an — P, 


in which e is the elementary electrical charge, R8/N is Planck’s constant 
equal to 6.55 X 107”’, and P a constant representing the loss of energy 
suffered by an electron in escaping from the metal. 

The observations on sodium gave a value for K equal to 3.87 X 107", 
those on potassium 3.83 X 107". 

Writing the equation in the form given by Einstein, and substituting 


1 Loc. cit. 

2 Loc. cit. 

3 Einstein, Ann. der Physik, 20, p. 199, 1905. 
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for €, 4.772 X 107”, the slope for sodium becomes 6.16 X 10~*’, that for 
potassium 6.09 X 107”. 

Errors.—In addition to the usual errors due to “personal equation”’ 
which in the end would be expected to annul one another, the observa- 
tions are subject to several others of a systematic sort, depending upon 
conditions unavoidable in the experiment. First among these may be 
mentioned electrostatic leaks. In the first method of observation these 
would have the effect of causing the distribution of velocity curves to 
approach the axis of potentials at a more acute angle thus rendering the 
points of contact more uncertain. The tendency would be to assume a 
positive potential somewhat smaller than the true. This error would 












20 
Z6r- 
Potassium, 
1a- 
a 
) : 
= / 7a 5. 
= 
4r 
8 BA 22 42 42 43 Lf. 
A Prequency X70 
Fig. 5. 


be greatest for wave-lengths giving weakest currents. From Fig. 3 
these are seen to be the longest and the shortest waves. This would tend 
to bend the frequency-potential curve in such a way as to make it concave 
downward. However, since the leak for a deflection of 500 scale divisions 
never exceed and seldom reached 3 divisions per minute, becoming 
rapidly smaller with diminishing deflection, the effect on the shape of the 
curve, as well as on its slope, is negligible. 

The electrostatic capacity of the electrometer and receiving gauze 
would also introduce an error. This will best be seen by considering the 
second method of determining electronic energies. Even though the 
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electrical arrangement was fairly sensitive, many electrons would have to 
pass before an observable deflection would take place. The observed 
potential, then, is somewhat smaller than the true. Here again the error 
would be greatest for wave-lengths giving smallest current, and the 
effect on the frequency potential curve would be the same in character as 
that due to electrostatic leak, and also very small. 

A third error would arise from the effect of reflected light. A ray 
incident on the receiving gauze would, if of sufficiently high frequency, 
there release electrons. These would travel to the electrode, and so 
offset the effect of an equal number passing to the gauze. The observed 
positive potential would then be smaller than that required to prevent 
the escape of electrons. Since the surface of the gauze was of copper 
oxide, not sensitive to long waves, this error would affect only the 
potentials for the higher frequencies. The curve would therefore have 
a slope somewhat smaller than the true. Charging the electrode to a 
high negative potential, however, and illuminating with these waves, 
gave a negative deflection never exceeding a few hundredths of one per 
cent. of its positive saturation value. The error due to this cause, then, 
must also have been small. The total observational error would not 
account for a difference as large as that between the slopes of the experi- 
mental curves and that of Einstein’s formula. 

In conclusion the writer wishes to acknowledge his obligation to Mr. 
Fred Pearson and Dr. Harvey B. Lemon for repeated assistance in the 
course of the investigation, to Mr. Albert E. Hennings, from whom 
ideas on the mechanism of the tube were freely borrowed, to Mr. Julius 
Pearson, who constructed the tube and to whose skill and ingenuity its 
successful operation was largely due, and especially to Professor Millikan, 
at whose suggestion the research was undertaken, and under whose 
direction and constant inspiration it was brought to a conclusion. 


U. S. NAvAL ACADEMY, 
January 12, 1914. 
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THE HALL EFFECT IN FLAMES. 
By Harotp A. WILSON. 


HE Hall effect in a Bunsen flame was investigated by E. Marx! in 
1900. A small flat flame between the poles of a large electro- 
magnet was used and a current was passed through this flame in a vertical 
direction between two horizontal electrodes of platinum wire gauze. 
The vertical potential gradient was measured by means of two wires 
one above the other which were connected to a quadrant electrometer. 
The horizontal potential gradient of the Hall effect was found with a 
second pair of wires also connected to a quadrant electrometer. If X 
denotes the horizontal gradient, Y the vertical gradient and H the 
strength of the magnetic field then Marx found that X/HY had the 
following values in flames containing the vapors of different alkali 
metal salts. 


Metal. —X/HY. 
ee ae ee 1.72 X10-6 
NN oko iinca nde wwredwearen manne edouaaet lao |” 
PS caret meweiidewedecni cei eeeSee yw 
ck rei SOW Ssh COUR EMRE SRR SERRA a was sa6 
RR 6 oedbse ad 6G4000s0ses baka See eeeeEe 7.86 “ 
Sn I 5 sn aie wu ew 4a ol oe arco a 10.18 


The above values of X/HY for salts are those found when strong solutions 
ofthe salts were sprayed into the flame. With weaker solutions the 
values found were more nearly equal to that in the flame free from salt. 
The conductivity of a flame is increased by the presence in it of an alkali 
metal salt and the increase is greater the higher the atomic weight of 
the metal. It appears therefore that in Marx’s experiments the Hall 
effect observed diminished as the conductivity of the flame increased. 

If k; and ke denote the velocities of the positive and negative ions, 
respectively, due to one volt per cm. then according to the theory of the 
Hall effect in an ionized gas we have approximately 


X 
Hy * 10° = k; — ke, 


where H is expressed in electromagnetic units. In a Bunsen flame the 


1 Ann. der Physik, Band 2, 1900. 
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velocity of the negative ions is large compared with the velocity of the 
positive ions so that k; can be neglected and we have kz = — X/HY 
x 108. Now the negative ions in a Bunsen flame are generally believed 
to be free electrons so that we should expect kz to be independent of the 
amount and nature of the salt present in the flame. 

Marx’s results therefore do not agree with the theory that the negative 
ions are electrons. A possible explanation of this discrepancy was 
suggested by the writer. In Marx’s experiments the horizontal 
electrodes were about 3 cm. apart and the distance between the two 
wires used to measure the horizontal gradient X was also about 3 cm. 
The horizontal electrodes of course are equipotential surfaces so that 
they must tend to prevent the formation of a horizontal potential gradient 
in the space between them. This effect we should expect to be greater 
the greater the conductivity of the flame. It seems possible therefore 
that the diminution of the Hall effect with increasing conductivity, 
observed by Marx, may be a spurious effect produced by the nearness 
of the horizontal electrodes to the place where the Hall effect was 
measured. 

The experiments described below were undertaken with the object of 
measuring the Hall effect in a Bunsen flame containing different alkali 
salts under conditions which would permit the full value of the Hall 
effect gradient to be observed. The results obtained show that the Hall 
effect is nearly independent of the conductivity of the flame and of the 
current passing through it in agreement with the theory. 

Fig. 1 shows the burner and electrodes used. The burner consisted 
of a row of seven fused quartz tubes cemented into a brass tube AB. 
A mixture of gasoline gas, air and spray of a salt solution entered at A 
and was burnt from the quartz tubes giving a row of seven small Bunsen 
flames which were in contact asshown. The whole formed a flame about 
12 cm. high, 12 cm. wide and 1.5 cm. thick. This flame was placed 
between the flat poles of a Weiss electromagnet which were 10 cm. in 
diameter and 3.5 cm. apart. The circle MM’ indicates the position of 
one of the poles. A current could be passed horizontally across the 
flame between two platinum electrodes E and E’ which were kept bright 
red hot by the flame. These electrodes were about 9 cm. apart and 
consisted of circular disks 1.5 cm. in diameter supported by stout plati- 
num wires. The Hall effect was measured by means of two platinum 
wires at H and H’ perpendicular to the plane of the paper in Fig. 1. 
These wires were about 0.2 mm. in diameter and passed right through 
the flame; they were well insulated and connected to an insulated quadrant 


1 Electrical Properties of Flames, page 114. 
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electrometer. Fig. 2 shows the arrangement used to support the wires 
H and H’. MM’ and NN’ represent the poles of the magnet and the 
flame is shown between them. The wires H and H’ were supported by 
glass tubes GG and G’G’. These tubes passed through two ebonite plugs 














Fig. 1. 


P and P’ fitted tightly into the opposite ends of a brass tube AB which 
could be turned round in the hole bored in the pole MM’. Cisa gradu- 
ated circle over which a vernier V reading to 1/10° turned. This vernier 
was carried by the tube AB. In this way the wires H and H’ could be 
rotated about an axis at O (Fig. 1) and the angle turned through measured. 

If a current is passed through the flame between the electrodes E 
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Fig. 2. 


and E’ the equipotential surfaces, near the line EE’, in the absence of a 
magnetic field are approximately vertical planes perpendicular to the 
faces of the poles of the magnet. If the wires H and H’ are turned round 
till the electrometer shows that they are at the same potential then they 
both lie on one of the equipotential surfaces. If now the magnet is 
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excited the equipotential planes are rotated about an axis parallel to the 
magnetic field and the electrometer is deflected. By turning the wires 
Hand H’ round till they are again at the same potential the angle through 
which the magnetic field rotates the equipotential planes can be de- 
termined. If this angle is denoted by 6 we have 


tan 6 = y 


By this method the ratio of the horizontal and vertical potential gradients 
is obtained from a single observation and it is not necessary to know the 
sensibility of the electrometer. It was found best to measure the angle 
of rotation of the equipotential planes first with the magnetic field in one 
direction and then with it in the opposite direction. The mean of the 
two angles was taken as a measure of the Hall effect. 

Measurements were made with the wires H and H’ 3 cm., I cm. and 
0.5 cm. apart. The angles were nearly the same in each case. 

The mixture of gas, air and spray was obtained by means of a Govy 
sprayer worked by air at a constant pressure of 14.4 cm. of mercury above 
that of the atmosphere. The gas supply was kept at a constant pressure 
of 2 cm. of water. 

In spite of the careful regulation of the gas and air supplies the flame 
varied appreciably. This was probably due chiefly to variations in the 
quality of the gas. In consequence of these variations the results ob- 
tained on different days did not agree as well as those obtained nearly at 
the same time. The variations however were usually less than 5 per cent. 
The flame used was a well-oxidized flame having sharply defined inner 
cones on each of the quartz tubes. 

When a current is passed horizontally through a Bunsen flame between 
hot platinum electrodes there is a large drop of potential close to the 
negative electrode and an uniform potential gradient in the space between 
the electrodes. This uniform gradient is proportional to the current. 
If a salt like potassium carbonate is put on the negative electrode the 
drop of potential there is greatly diminished and the uniform gradient 
correspondingly increased. The ratio of the uniform gradient to the 
current remains unchanged provided the potassium carbonate vapor 
does not get into the flame except near the negative electrode. In making 
measurements of the Hall effect by the method described above it is 
difficult to get accurate results unless the potential gradient in the flame 
is considerable. In all the experiments of which the results are given 
below potassium carbonate was put on the negative electrode but care 
was taken that its vapor did not get near to the Hall effect electrodes. 
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It was found that the potassium carbonate did not change the value of 
the Hall effect in the flame but it made it much easier to measure. 

The sensibility of the quadrant electrometer used was about 500 scale 
divisions per volt. A rotation of the electrodes H and H’ of 1/10 of a 
degree usually produced an electrometer deflection of several cm. To 
measure the Hall effect the electrodes H and H’ were turned so that the 
electrometer deflection was zero. A current was then passed through the 
electromagnet which usually caused the electrometer to be deflected 
through a large angle of 45° or more. This deflection was reduced to zero 
by rotating the electrodes. The magnet current was then reversed and 
the deflection again reduced to zero. The horizontal potential gradient 
in the flame was varied from about 5 volts per cm. to 30 volts per cm. 
In most of the experiments it was about 20 volts per cm. 

It was found that the Hall effect angle was nearly independent of the 
current through the flame and therefore of the horizontal potential 
gradient. 

The following results were obtained with the flame containing rubidium 
chloride and a magnetic field of strength 4,850. The magnetic field was 
found with a bismuth resistance. 


Current in Hall Effect 
Milliamperes. Angle. 
8 6.6° 
12 6.9 
16 6.9 


The following results were obtained at another time with the flame free 
from salt and a field 4,850. 


Current. 


I =10-4 ampere, Angle. 
2.3 6.9° 
3.3 6.6 
6.0 7.3 
6.9 6.9 
10.8 6.3 


The following table gives the results obtained with different salt solutions 
and magnetic fields. Each result is the mean of several obtained with 
different currents passing through the flame. The distance between the 
Hall effect electrodes was one cm. in most cases. 

It will be seen that the Hall effect angle is practically the same for the 
flame without salt and the flame containing different amounts of rubidium, 
potassium, sodium or lithium salts. The amounts of the different salts 
which entered the flame were in all cases sufficient to color it very strongly 
and to greatly increase its conductivity. When using the 10 per cent. 
K;CO; solution the quartz tubes became rapidly clogged with solid K2CO3. 
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Solution Sprayed into Flame. | Magnetic Field Strength. Hall Effect Angle. 
ee eee re ere 7,700 10.2° 
RN iat opis raid eta kath nerd accedctare dd 4,850 6.3 
I Sree lator dicta nora winiars aren wiser 2,250 3.0 
PGE. BIE 6.6.6 os senceeees 7,700 10.9 
eo er ee 4,850 7.0 
2.4 per cent. NasCO3........... 7,700 10.7 
2.4 per cent. NazCO3........... 4,850 6.9 
2.4 per cent. NasCO3...........! 2,250 3.0 
10 per cent. K2CO3............. 7,700 11.0 
2.6 per cent. K2CO;3............ 7,700 10.7 
2.6 pet cent. ReCOs. .. .. 02.000 4,850 7.0 
2.6 per cent. K2CO3............ 2,250 3.1 
0.26 per cent. K;CO3........... 7,700 10.0 
0.26 per cent. KzCO;........... 4,850 6.4 
0.26 per cent. KeCO3...........| 2,250 a3 
Te | ee 7,700 10.8 
2 per cent. RbCI...............| 4,850 6.8 
fi | eee 2,250 3.4 











The following are the mean values of the Hall effect angle (6) found with 
the three magnetic field strengths (H) used. The values of tan @ and 
tan 6/H are also given. 























Magnetic Field Hall Effect, tan 6 
(H). Angle (9). Tan 6. —_° 
7,700 10.6° 0.1871 2.441075 
4,850 6.7° 0.1175 2.42 X 1075 
2,250 a2” 0.0559 2.48 X 10-5 
Mean 2.45 X 10-5 








It appears that tan @ is nearly proportional to H. According to the 
theory of the Hall effect in an ionized gas in which the velocity of the 
negative ions (k2) is large compared with that of the positive ions we have 

tan 6 


= 


8 
H 10°. 


The results obtained therefore give ke = 2,450 cm. per sec. for one volt 
per cm. 

A number of attempts! to measure the velocity of the negative ions 
in a Bunsen flame have been made by different physicists and results 
varying from about 1,000 cm. per sec to 20,000 cm. per sec. obtained. 
The great variation in the results may be partly due to differences between 
the flames used but such differences probably cannot account for more 


1 See Electrical Properties of Flames. 
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than a small fraction of the variation. The result just obtained from the 
Hall effect is probably as likely to be correct as any other but since the 
theory of the Hall effect is not above suspicion too much reliance ought 
not to be placed on the absolute value found. There seems no reason to 
doubt the correctness of the conclusion that the velocity of the negative 
ions is the same for all alkali metal salts in a particular flame. 


Rice INSTITUTE, 
HousTON, TEXAS, 
February 2, 1914. 
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A SPECTROPHOTOMETRIC STUDY OF THE ABSORPTION, 
FLUORESCENCE, AND SURFACE COLOR OF 
MAGNESIUM PLATINUM CYANIDE. 


By FRANCES G. WICK. 


HE double cyanides of platinum furnish a group of crystals which 
possess unusual optical properties. Some of them exhibit two 
surface colors, dichroic transmission, and dichroic fluorescence, the 
fluorescent light and that reflected selectively from the surface being 
polarized. Stokes! observed that these salts are fluorescent in the solid 
condition but not in solution. The dichroic fluorescence of a number of 
the crystals of this group was discovered by Grailich.2 An interesting 
study of magnesium platinum cyanide was made by Lommel’ who, from 
the dichroic fluorescence of this crystal, determined the direction of 
ether vibrations in polarized light. 

Magnesium platinum cyanide, PtMg(CN),7H.O, is described by 
crystallographers‘ as uniaxial, of tetragonal symmetry. It has the form 
of square-based red prisms and is a positive, doubly refracting crystal, 
the ordinary ray being purple-red and the extraordinary blood-red. 

The sides of the crystal, viewed by reflected light, have a beetle-green 
surface color which Lommel discovered to be polarized “in a plane 
perpendicular to the axis of the crystal,’ 7. e., the electric vector is 
parallel to the axis. 

The end faces reflect selectively a blue-violet light which is polarized 
in such a way that the electric vector is in the plane of incidence. 

The sides of the crystal, excited by unpolarized light, emit a fluores- 
cence which, examined through a Nicol prism, shows a difference of 
color with different positions of the Nicol. If the direction of the electric 
vector is parallel to the axis of the crystal, the fluorescence appears 
orange-yellow, if perpendicular to the axis, scarlet-red. 

The base of the crystal, excited by unpolarized light, gives unpolarized 
fluorescence which is scarlet-red. 


1 Stokes, Phil. Mag., Vol. 3, p. 385. 1853. 

2 Grailich, Krystallographisch-optische Untersuchungen, 1858. 

? Lommel, Ann. der Physik, Vol. 8, p. 634, 1879. 

4 Lang, Sitz. Ber. d Akad. d Wiss. Wien, 1902. Horn, N. Jahrbuch f. Min. Uns., 1898, 
Beil. Band 12, 269. 
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If polarized exciting light be used, that in which the electric vector is 
parallel to the principal axis of the crystal always produces the orange- 
yellow fluorescence; that in which it is perpendicular to the principal 
axis always produces the scarlet-red. The color of fluorescence depends 
upon the angle between the axis of the crystal and the direction of the 
electric vector. A change from yellow to red takes place when the angle 
which this vector makes with the axis of the crystal changes from 0° to 


° 


go°. 
In the investigation described in this paper, thin sections of magnesium 


platinum cyanide were used. These were cut by Steeg and Reuter and 
mounted between optically tested cover glass free from polarizing 
influence. It was necessary to have the sections covered since the 
crystal loses part of its water of crystallization upon exposure to the air, 
changing to a yellow powder—the pentahydrate. Two sections 8 mm. 
in diameter were cut parallel to the optic axis, .08 mm. and .15 mm. 
thick: two sections of corresponding diameter and thickness were cut 
perpendicular to the axis. The sections parallel to the axis showed the 
characteristic green surface color of the sides of the crystal: the section 
perpendicular to the axis showed the violet surface reflection of the base. 


TRANSMISSION, FLUORESCENCE AND SURFACE COLOR. 

The relation of fluorescence and surface color to transmission is the 
subject of the first part of this investigation. The existence of both 
fluorescence and surface color in this crystal gives an unusual opportunity 
for a comparative study of these phenomena. 

The instrument used for the measurements was a Lummer-Brodhun 
spectrophotometer kindly loaned to the author by Professors Nichols and 
Merritt, of Cornell University. It was set up in the usual way, the 
comparison source being an acetylene flame, the light from which was 
reflected by a mirror through ground glass. 

Fig. 1, Curve 7, gives the per cent. transmission of a section .15 mm. 
thick cut perpendicular to the axis of the crystal. This shows a region 
of complete absorption between wave-lengths .53u and .57u, and the 
edge of another absorption band at about .454. By photographic 
methods, this second absorption band was found to extend as far into 
the ultra-violet as could be photographed with the glass spectrograph 
used, the absorption evidently being complete in the region beyond the 
visible spectrum. 

The fluorescence of this same section is shown in Fig. 1, Curve F. 
The section was set up obliquely in front of the slit of the spectro- 
photometer and the fluorescence excited by light from a Nernst filament 
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which had passed through a deep blue solution of cupric ammonium 
sulphate. This fluorescence is described by Lommel as “‘scarlet-red.”’ 
The band is very narrow and its relation to the absorption band is such 
as should be expected. 

The violet surface reflection of this section is shown in Fig. 1, Curve S. 
To obtain this, the section was placed in front of the slit of the spectro- 
photometer and rotated about a vertical axis until light from a Nernst 





WAVE LENGTH 


Fig. 1. 

Curve T. Per cent. transmission of section 15 mm. thick perpendicular to the axis. 

Curve F. Fluorescence of section 15 mm. thick perpendicular to the axis. 

Curve S. Violet surface color of section 15 mm. thick perpendicular to the axis. 

Curve F’. Fluorescence of section parallel to axis excited by polarized light with the 
electric vector parallel to the axis. 

Curve S’.. Green surface color of section parallel to axis, covered with glass. 

Curve S’’. Green surface color of small crystals without glass cover. 


filament produced the greatest intensity of violet light as seen through 
the telescope of the instrument, care being taken to avoid direct reflection 
from the cover glass. This violet reflected light is polarized, the electric 
vector being in the plane of incidence. The light from the Nernst fila- 
ment used to obtain this surface reflection excited a fluorescence which 
was measurable. This fluorescence, however, was in the red end of the 
spectrum and did not overlap the violet surface reflection. 

The fluorescence and surface color of a section parallel to the axis 
were then measured. The fluorescence was less intense than that of a 
section cut perpendicular to the axis and a carbon arc was used for 
excitation. Because of the variability of the arc as a source of excitation, 
these observations were repeated a number of times. The agreement of 
the results was such as to indicate that, for the length of time requited 
to measure this narrow fluorescence band, the arc was kept in a steady 
condition. 
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Light from the arc was passed through a solution of cupric ammonium 
sulphate and then through a large Nicol prism. This polarized light 
was used for excitation since the fluorescence of this section is dichroic. 
The section was placed obliquely in front of the slit of the spectro- 
photometer with its principal axis vertical. Light polarized so that the 
electric vector was perpendicular to the axis of the crystal produced the 
same red fluorescence band as that of the section cut perpendicular to 
the axis, which is shown in Fig. 1, Curve F. Polarized light in which 
the electric vector was parallel to the axis of the crystal excited the 
fluorescence shown in Curve F’ which is polarized in the same sense as 
the exciting light. Its color is described by Lommel as “ orange-yellow.”’ 

The green surface color of the section parallel to the axis is shown in 
Curve S’. It was produced by polarized light having the electric vector 
parallel to the axis of the crystal and was polarized in the same sense as 
the incident light. The crystal section was placed in front of the slit of 
the spectrophotometer so that the plane of incidence was parallel to the 
axis of the crystal. The color, under these conditions, was a vivid green. 
If the plane of incidence is normal to the axis of the crystal, the reflection 
from the surface is a blue-green, differing from the vivid green of Curve 
S’ in such a way as to indicate that the light strikes the crystal so as to 
produce both the violet and the green reflections at the same time 
resulting in a blue-green color. 

Since surface color is dependent upon the index of refraction between 
a substance and the medium with which it is in contact, the presence of 
the glass cover over the face of the crystal section might be expected to 
modify the surface color. In order to test this, some of the salt was dis- 
solved in water and re-crystallized on a glass plate. The green surface 
color of the small crystals which covered the plate was very intense and, 
with no glass cover, looked a yellower green than the same crystals 
observed through the glass plate upon which they were deposited. Curve 
S”” gives the result of a spectrophotometric measurement of this surface 
color of the small crystals in contact with air. It will be noticed that the 
maximum of this band is nearer the region of greatest absorption, shown 
in Curve 7, than the maximum of Curve 5S’, the surface color of the 
section covered with glass. When the plate upon which the small 
crystals were deposited was covered with a clear, saturated solution of 
the salt, the color changed to a bluer green, depending for the index of 
refraction between the crystal and solution. It was impossible to meas- 
ure the violet surface reflection of the small crystals. 





The curves of Fig. 1 are not comparable with respect to absolute value 
of intensities, the purpose of this figure being to show the relative posi- 
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tions of these bands. For Curve T the ordinate indicates per cent. 
transmission. 

The region of greatest reflection indicated by these curves does not, 
in any case, correspond to the region of greatest absorption. Haidinger,! 
in a study of surface color, came to the conclusion that surface color is 
complementary to body color. For many substances this relation does 
not hold, as later experiments have shown. Absorption has been found 
to be only one of the factors which determines selective reflection.2 The 
reflecting power depends upon the coefficient of absorption and the index 
of refraction. Other things being equal, an increase in the index of 
refraction increases the reflecting power. On the red side of an absorp- 
tion band, the index of refraction is much higher than on the violet side. 
For this reason the maximum of the reflection band is usually displaced 
toward the red from the maximum absorption. 

The violet surface reflection of magnesium platinum cyanide follows 
this rule considered in respect to its relation to the ultra-violet absorption 
band. For the green surface color, however, the region of greatest 
reflection is toward the violet side of the absorption band with which it 
seems to be associated. It is evident from Fig. 1, Curve T, which gives 
the per cent. transmission on the two sides of the absorption band, that 
the coefficient of absorption for the wave-lengths on the violet side of 
the absorption band is much greater than that of the wave-lengths on the 
red side. This may account for the fact that the maximum of the green 
surface color is displaced toward the violet from the maximum of the 
absorption band. 

The indices of refraction of various wave-lengths for this crystal have 
been determined by Horn,’ as follows: up = 1.363 (C), 1.294 (D), 1.141 
(E), 0.974 (F), 0.902 (G). The author hoped to be able to compute the 
coefficient of absorption for the different wave-lengths but did not feel 
that the results could be depended upon on account of the surface reflec- 
tion which was complicated by the presence of the cover glass. 

The two fluorescence bands are accounted for by the dichroic transmis- 
sion. Theonly relation evident between the surface color and fluorescence 
is the position of these bands on different sides of the region of greatest 
absorption. The maximum green surface color is on the side of the 
absorption band on which the index of refraction is small and the coeffi- 
cient of absorption great, while the fluorescence is on the side toward the 
longer wave-lengths where the index of refraction is greatest and the 
coefficient of absorption least. The plane of the electric vector of this 


1 Haidinger, Sitz. Ber. d Akad. d Wiss. Wien, Vol. 8, p. 97, 1852. 
2? Wood, Physical Optics, p. 440. 
3 Horn, N. Jahrbuch f. Min., 1898, Beil. Bd. 12, 269. 
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green surface reflection is the same as that of the “orange-yellow”’ 
fluorescence, 7. e., parallel to the axis of the crystal. The violet surface 
reflection does not seem to be associated with the absorption band which 
is the source of the fluorescence. 


TRANSMISSION OF A SECTION PERPENDICULAR TO THE AXIS IN POLARIZED 
LIGHT. 


In order to investigate further some of the phenomena observed by 
Lommel,! a number of measurements were made of the transmission of 
the crystal sections in polarized light. 

Lommel! examined a thin section of a magnesium platinum cyanide 
crystal cut perpendicular to the optic axis in polarized light. In red 
light the ordinary system of rings and crosses was observed: in blue light, 
there were no rings and crosses, the so-called “polarization brushes” 
appearing instead. 

Lommel explained this unusual phenomenon to be a result of the 
surface reflection which is characteristic of a section of the crystal cut in 
this direction. When incident light strikes a section cut perpendicular 
to the axis at an angle of exactly 90°, there is no selective reflection. If 
the incident light varies so much as 2° from this direction, thus making 
an angle with the axis of the crystal, that component of the vibration in 
which the electric vector is in the principal plane, the plane of incidence, 
is not transmitted but is totally reflected, producing the blue-violet 
surface reflection which is polarized with the electric vector in the plane of 
incidence. That component of the incident light in which the electric 
vector is perpendicular to the plane of incidence and also to a principal 
section of the crystal, is transmitted. Such a plate acts as a complete 
polarizer for blue light if the angle of incidence exceeds 2°. 

This polarizing effect can, as Lommel suggested, be roughly verified 
by transmitting light through the crystal section held so that the angle 
of incidence is very small, then through a Nicol prism and observing it 
directly with the eye. If red light is used for transmission, no position 
can be found, upon rotation of the Nicol or the section, in which the light 
is cut off. When blue light is used, the intensity of the transmitted light 
varies greatly with a rotation of the Nicol or the section. The positions 
of maximum and minimum transmission are at right angles to each other. 

To test the nature of this transmission, a spectrophotometric study 
was made of the transmission of a section. 08 mm. thick, cut perpendicular 
to the axis, for light polarized in different directions. The apparatus 
was set up as shown in Fig. 2. 

1 Lommel, Ann. der Physik., Vol. 9, p. 108, 1880. 








Curve 2, the per cent. transmission for red light is greater than in Curve 
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The crystal section was placed in a holder H designed by Professor 
Chamberlain and made by Bauschand Lomb. In this holder, the section 
could be placed directly in front of the slit of the collimator, moved out 

of the field, and replaced in exactly the same position. 


s The section, which was circular and of larger diameter 
— than the slit, could also be rotated on a horizontal 
Ya axis in front of the slit, the angle of rotation being 
— eH measured by the scale attached to the collimator 


. tube. Light from a 100 watt tungsten lamp, S, passed 


through ground glass plates, P, was used for transmis- 
\y sion, light from the same source diffusely reflected 
UC ™ from a block of magnesium carbonate, M, being used 
L for comparison. A large Nicol prism, N, was placed 
Cr just in front of the crystal holder. In all these trans- 
mission measurements the opening of the collimator 
Fig. 2. slit in front of which the crystal was placed, was small 
Arrangement of Appa- and the peep hole in the focal plane of the telescope 
ratus S, source of light; was as narrow as the opening in the collimator slit. 
et pee da oe To obtain the per cent. transmission for a given 
collimator tubes; 7’, Wave-length, the crystal section was placed in the hol- 
telescope. der in front of the slit. The width of the comparison 
slit was adjusted until a match was obtained and the 
reading of the micrometer regulating the adjustment of the slit was taken. 
The crystal was then removed from its position in front of the slit, and 
another setting was made. To obtain a transmission curve, measure- 
ments similar to these were made for wave-lengths at intervals through 
the visible spectrum, the crystal being replaced in front of the slit in 
exactly the same position by means of the crystal holder. From the 
data obtained, the per cent. transmission was computed, no correction 
being made for surface reflection. 

Transmission curves were obtained for a section of the crystal .o8 mm. 
thick cut perpendicular to the axis. The crystal was placed in the 
holder, its angular position noted, and its transmission measured. A 
second and third series of measurements were made with the section 
rotated through angles of 45° and go°, respectively, from its original 
position, the Nicol remaining unchanged. No attempt was made to 
select a special position of the crystal for the first of these measurements 
since a section of a uniaxial crystal cut perpendicular to the axis should 
have the same properties regardless of its orientation. 

The curves obtained, Fig. 3, show a marked difference in shape. In 
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1; that for blue light is less than for Curve 1. This indicates that a 
rotation of the crystal which increases the transmission for wave-lengths 
on the red side of the absorption band decreases the transmission for 
wave-lengths on the blue side of this band. 

The appearance of these curves made it seem desirable to investigate 
the transmission in a different way. Fig. 4 shows a series of curves 
giving the transmission of this same section for light polarized in a 
definite direction, the crystal being rotated by 16 steps through 360°. 
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Fig. 3. 


Transmission of polarized light at normal incidence through a section perpendicular to the 
axis .08 mm. thick. The three curves show the transmission with the crystal in three different 
positions 45° apart. Curve 1, 45° from Curve 2 and 90° from Curve 3. 


























Wave-length .6015u4 which nearly coincides with the position of inter- 
section of Curves 1, 2, and 3 of Fig. 3, shows practically no difference 
of intensity in different positions. Wave-length .6250y shows a slight 
change in intensity upon rotation. Wave-lengths .4808, .4923, and 
.5050u indicate a decided difference in per cent. transmission with 
different positions of the crystal section. 

The appearance of these curves and the phenomena observed when 
the section was examined in a polariscope with converging polarized 
light at first suggested that the crystal, instead of being uniaxial, might 
be orthorhombic, closely approaching tetragonal symmetry. The varia- 
tion in the maxima of Curves 2, 3, 4 and 5, Fig. 4, seemed to be explained 
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upon the hypothesis that the optical angle was small and the plane of the 
optical axis changed with wave-length. A section of a uniaxial crystal 
cut perpendicular to the axis should not show any difference in trans- 
mission for a given wave-length upon rotation, the incident light, as in 
this case being normal to the section. 

A more probable explanation of the curves in Figs. 3 and 4 is based 


TRANSMISSION 





Fig. 4. 


Transmission of polarized light through section .08 mm. thick cut perpendicular to the 
axis for different wave-lengths. The plane of the electric vector of the light used for trans- 
mission was kept constant and the section rotated through 365° by 16 steps. 


Curve 1, wave-length .6250z. 
Curve 2, wave-length .6015z. 
Curve 3, wave-length .4808z. 
Curve 4, wave-length .4923y. 
Curve 5, wave-length .5050z. 


upon the supposition that the sections were not, as was supposed, exactly 
perpendicular to the axis of the-crystal but varied so much as 2° from this 
direction. Lommel’s! explanation of the polarizing effect of such a plate 
upon blue light when the angle of incidence exceeds this small value 
would account for the variation in the intensity of the blue light as shown 
in Fig. 3, and in Curves 3, 4, and 5 of Fig. 4. The variation in intensity 
of the blue wave-lengths is due to the surface color. This would account 
for the phenomena observed upon rotation of the section. The wave- 
lengths of Curves 3, 4, and 5, Fig. 4, show polarization but not complete 
1 Lommel, Ann. der Physik, Vol. 9, p. 108, 1880. 
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polarization. The maximum of the blue-violet surface color is shown in 
Fig. 1, Curve S, is toward the shorter wave-lengths from those measured 
in the curves of Fig. 4. 

The variation in transmission of the red end of the curves shown in 
Fig. 3 and in Curve 1 of Fig. 4 is due to a change in the fluorescence 
upon rotation of the plate in polarized light. Since the fluorescence 
changes with a variation in the angle between the axis of the crystal 
and the direction of the electric vector of the exciting light, the rotation 
of a plate which was not cut exactly perpendicular to the axis might be 
expected to produce a change in the fluorescence. 

In order to prove that the fluorescence was a decided factor in the 
transmitted light, the plate was examined in light which had been 
passed through a deep blue solution of cupric ammonium sulphate. 
When this light was normally transmitted through the plate to the eye 
and the plate was rotated upon an axis perpendicular to its own plane, 
the red color of the fluorescent light was seen in a position at right angles 
to that which was most transparent to blue light. The incident light 
contained no red wave-lengths. 

It is evident from the curves of Fig. 3 that the position of the crystal 
section which gives the lowest per cent. transmission for blue light gives 
the highest for red. This is verified by the curves in Fig. 4. The slight 
variation in Curve I is due to fluorescence, this fluorescence being small 
in comparison with the intensity of light transmitted from the source. 
The wave-length of Curve 2 is a regionof greater absorption and fluorescent 
light of this wave-length is absorbed to a greater extent, the transmission, 
in this case showing practically no change due to fluorescence. 

A section .15 mm. thick cut perpendicular to the axis was examined in 
the same way and a similar change in intensity of both blue and red 
wave-lengths was observed upon rotation, the position of maximum for 
blue corresponding aprpoximately that of minimum for red. If the 
phenomena observed were really due to the plates not being cut exactly 
perpendicular to the axis, both of the sections examined were in error. 


TRANSMISSION OF A SECTION PARALLEL TO THE AXIS IN POLARIZED 
LIGHT. 

A similar study of the transmission of a section parallel to the axis is 
of interest since the dichroic transmission is evident to the eye when light 
from a white cloud is passed through the crystal section, then through 
the Nicol. When the crystal section or the Nicol is rotated, the trans- 
mitted light changes from a purple-red color to blood-red upon a rotation 
of 90°. The purple-red is observed when the electric vector of the light 
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passed through the Nicol is perpendicular to the axis of the crystal; 
the blood-red when it is parallel to the axis. 

Fig. 5 shows a series of curves obtained from a section .o8 mm. thick 
cut parallel to the axis. The crystal section was placed in the crystal 
holder and the transmission determined for light polarized in a definite 
direction, the angular position of the crystal being varied for the different 
curves. In Curve 1, the plane of the electric vector was perpendicular 
to the axis of the crystal. With the crystal placed in this position there 
was no green surface color. Observed directly, the transmitted light 
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Fig. 5. 


Per cent. transmission of section .08 mm. thick cut parallel to the axis for light polarized 
in different directions. 


Curve 1, angle between electric vector and axis of crystal 90°. 
Curve 2, angle = 67.5°. 

Curve 3, angle = 45°. 

Curve 4, angle = 22.5°. 

Curve 5, angle = 0°. 


looks purple-red. Both the blue and the red ends of the spectrum are 
transmitted. Curve 5 shows the transmission for polarized light in 
which the electric vector is parallel to the axis of the crystal. The per 
cent. of red transmission in this case is much greater than that of blue. 
Light polarized in this direction brings out the green surface color. 
Observed directly, the transmission color is a much yellower red in this 
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position. Transmission for intermediate angles is shown in Curves 2, 
3, and 4. 

The crystal was then placed in the holder and rotated, keeping the 
position of the Nicol fixed, in a manner similar to the method used in 
obtaining the curves of Fig. 4. By this rotation, the angle between the 
electric vector of the incident light and the axis of the crystal was changed. 
The change in transmission for definite wave-lengths due to a variation 
in this angle is shown in the curves of Fig. 6. The form of these curves 
is such as should be expected. 

The apparatus was tested in order to determine whether or not selec- 
tive transmission of the slit or selective reflection from any of the parts 
of the spectrophotometer (selective with respect to the plane of vibration) 















































t 
x0 . 
@ | —A1 7 
zo A t\ 1A aN 
= / way = : 
180° 
Fig. 6. 


Per cent. transmission for polarized light of definite wave-lengths through a section parallel 
to the axis .08 mm. thick, the angle between the electric vector and the direction of the 


crystal axis being varied. 
Curve 1, wave-length .6543y. 


Curve 2, wave-length .6250u. 
Curve 3, wave-length .6015y. 
Curve 4, wave-length .5050yz. 
Curve 5, wave-length .4923y. 


might have a perceptible influence upon results such as these. It was 
found that errors due to this source might be considered negligible. 

The section used in obtaining the curves of Figs. 5 and 6 was not 
nearly so transparent as the section cut in the other direction used for 
the measurements shown in Figs. 3 and 4, although the two sections were 
of the same thickness. The section parallel to the axis had in it stria- 
tions, due to the cleavage of the crystal, and the surface, which had a 
brilliant green surface color, was much less uniform and more highly 
reflecting than the section cut in the other direction. 

In order to determine whether or not a rotation of the crystal plate 
cut perpendicular to the axis produced a change in surface color as well 
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as in transmission, the apparatus was set up as before. A Nicol prism 
was placed between the source of light and the crystal section which was 
supported in front of the slit in a vertical plane in such a way that it 
could be rotated upon a horizontal axis, everything else being kept fixed. 

It was found that, in some positions, the intensity of the surface 
reflection was greater than in others. Fig. 7 shows this surface reflection 
in two positions 45° apart, the intensity of the incident light and com- 
parison source being kept constant. There is a difference of intensity 
and possibly a slight shift in the position of maximum. The polarizer was 
removed and a difference in intensity was still evident. 

This change may be accounted for by the supposition that the section 
was not exactly perpendicular to the axis. A rotation of the section 
would change the angle between the axis of the crystal and the incident 
light, the surface color being more intense at some angles than at others. 

Work upon other double cyanides of platinum is now in progress. 
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Fig. 7. 


Violet surface reflection of a section perpendicular to the axis in polarized light. 


The study of these crystals was undertaken at the suggestion of Pro- 
fessors Nichols and Merritt, of Cornell University. To them the author 
is greatly indebted both for their interest and suggestions during the 
progress of the work, and for their generosity in providing from their 
Carnegie grant much of the apparatus and material necessary. A part 
of the investigation was carried on in their research laboratory. 
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ADDITIONAL DATA ON THE ILLUMINATION-PHOTO-ELECTRIC CURRENT 
RELATIONSHIP.! 


By HERBERT E. IVEs. 


is a previous paper presented before the Society? it was shown that the rela- 

tion between illumination and photo-electric current in potassium cells 
is not linear, but is different for every cell. It was concluded that the most 
important influencing factor is the pressure of the gas in the cell. Results 
were given obtained with a cell which was exhausted to different pressures on 
the pump and which showed a number of the curves found in individual cells. 
The new data herewith presented were all obtained from one cell whose con- 
struction permitted the passage of a glow discharge between the platinum 
electrode and the guard ring without affecting the potassium surface. The 
effect of this discharge was to improve the vacuum, as is well known. 

Voltage-current and illumination-current curves were taken at four stages: 

1. With the cell in its original condition, gas pressure probably .o1 mm. or 
more. : 

2. After running the discharge from a small transformer until current no 
longer passed. 

3. After 18 hours running on an induction coil. 

4. Upon standing 18 hours thereafter. 


RESULTS. 


The voltage-current curves show various stages between one extremely 
convex to the voltage axis, and one extremely concave thereto. 

The illumination-current curves correspondingly change from convex to 
the illumination axis to concave. 

Points of interest in the effect of variation of applied voltage will be noted in 
the complete publication. These results confirm the conclusion from the 
previous work that the photo-electric current is not as yet proved to be a linear 
function of illumination. 

1 Abstract of a paper presented at New York meeting of Physical Society, February 28, 


1914. 
2 Atlanta meeting. 








































